


P mo- 
‘Ne 


= 


Pipe, 
lal or 
dray- 
azine 
2 


con- 
matic 
} and 
trail. 
cular 
trial 
lang 


For 


mix- 
ound 
ange 
Belt 


rim- 


kes 


ted. 
ety 
hen 
ase, 


red 
rer 
init 
ned 
‘hi- 





48 








EDITORIAL STAFF 
Laurence E. Jermy, Editor 
John W. Greve, Managing Editor 


Associate Editors 
Colin Carmichael Richard K. Lotz 
Roger W. Bolz 


Harry Raech Jr., Assistant Editor 
Frank H. Burgess, Art Editor 


New York B. K. Price, L. E. Browne 
Chicago .. tip ee bee F, Ress 
SD 5g 5h op oss J. C. Sullivan 
Detroit ..... .. A. H. Allen 
Washington E. C. Kreutzberg 
EP... 0 ao gai Vincent Delport 


BUSINESS STAFF 
G. O. Hays, Business Manager 


Mary L. Callahan, Advertising Service 
Chicago ......H. H. Dreyer, Manager 
J. M. Wells, Ass’t. Manager 


New York R. H. Smith, Manager 

E. S. Lawson, Ass’t. Manager 
Cleveland...... H. B. Veith, Manager 
los Angeles......F. J. Fuller, Manager 


CIRCULATION & RESEARCH 


J. W. Zuber, Director 
Jack C. Gernhard, Readers Service 
R. L. Hartford, Market Research 


MAIN OFFICE 
Penton Building, Cleveland 13, Ohio 


BRANCH OFFICES 


New York 17..........16 East 43rd St. 
Chicago I1..... 520 North Michigan Ave. 
Pittsburgh 19 ..... 2806 Koppers Building 
Es thous sini bawinie 6560 Cass Ave. 


Washington 4..1123 National Press Bldg. 
Los Angeles 4130 N. New Hampshire Ave. 
London, $.W.1 2 Caxton St., Westminster 


Published by The Penton Publishing Co. 
E. L. Shaner, Pres. and Treas.; G. O. Hays, 
Vice Pres. and Gen. Mgr.; R. C. Jaenke, 
Vice Pres.; F. G. Steinebach, Vice Pres. 
and Secy.; E. L. Werner, Asst. Treas. 
Published on the seventh of each month, 





This Month’s Cover: Lamp filament wind- 
ing machine, designed by Barth Stamp- 
ing & Machine Works, coils an 0.0005- 
inch diameter tungsten wire around an 
0.0025-inch steel core which is subse- 
quently dissolved in acid to give a pre- 
cision filament. 





MACHINE DESIGN—June, 1948 


What Recent Research Offers the Designer 


Scanning the Field for Ideas 


Provides Accurate Cut-Off Control 


New Principle Employed in Gear Checking Machine 


Offset Pivot Reduces Sector Gear Noise 
Production Processes—Part XXXIV—Honing and Lapping 
Choosing a D-C Power Source 


Lifetime Bearing in New Meter 


Nonmetallic Diaphragms—their design and application 


Responsibility or Opportunity? (Editorial) 





MACHINE DESICH 


THE PROFESSIONAL JOURNAL OF CHIEF ENGINEERS AND DESIGNERS 


CONTENTS 


June, 1948 


By Norman C. Penfold 


Why Pneumatics? Part |—System and Equipment ..................--- 


By Harvey F. Gerwig and Joseph H. Famme 


By Oren G. Rutemiller 


Designing for High Voltages—correct spacing between conductors ...... 


By Walter E. Peery 


By Herbert F. Bariffi 


By Roger W. Bolz 


By L. W. Herchenroeder 


Analyzing Graphical Records—graphical and numerical differentiation 


By Charles E. Balleisen 


Designing Instrument Dials for Quick, Accurate Reading .............. 


By Walter F. Grether 


By J. H. Swartz 


‘Applying Planetary Gears to Differential Drives (Data Sheet) .......... 


PF ee ee oe Pe eee 
Topics 
Designs of the Month 


Applications of engineering parts, materials and processes .......... 


eas sg eh ahah Aww ho 0k Oo SR eb 
eee ere ete oe eee eee 
EERE ae ene ace eg ae Ea en Se 
Ns e's 5 ahve Cindin kt ne OHO eK GENE Ae aS 
Nh asia a oe eae ak 
ES eT Oe, OF PEE 
ns oo ible mek de ede sacbad eeaeeubews 
EE oO a LE Pa Cu cake Le 
Nw, . EE Cay hy cUald's ove ks cesses te 
ae | = See eee ee eee eee Teer eee 


inada 


0. Other Countries 


tance under Act of June 5 






Vol. 20, No. 6 








| 
| 





a wt sy ea 











*16, 60022 


A manufacturer of automotive assemblies early this year replaced 
the ordinary bushings he was using with FORMETAL Superformed 
Bushings. A recent check-up showed that he had already made 
a savings of $18,600 on this one item ... besides a definite 
improvement in performance. With manufacturing costs increas- 
ing, savings like these are vital to profitable operation today. 


If you use bushings or bearings, you ought to know about FOR- 
METAL's *improved Quality...because it may mean tremendous 
savings to you. The exclusive qualities of FORMETAL Superformed 
Bushings and Bearings offer you many opportunities for improve- 
ment at a saving. In a FORMETAL Bushing you can often use a 
thinner wall to provide the same strength as the thick wall of an 
ordinary bushing. You can have a higher Rockwell hardness with- 
out loss of machinability. Custom-made oil grooves—vital to long 
and smooth performance are engineered to your requirement. 


s 






Could you use a savings of thousands of dollars? Certainly! 
Then do this today—investigate the advantages of using 
FORMETAL Bushings or Bearings—made of bronze, steel, or an 
alloy to your specification. Write for free catalog. Engineers and 
buyers of bushings, bearings, and spacer tubes will find it an 
extremely valuable reference book. 
* One of a series ot cases in which Formetal has 
saved varying sums of money for manufacturers. 
Please send free copy of your reference catalog. 


NATIONAL FORMETAL CO., INC. 





Company -....-----.---eeeeseeees enneeerenees oneees ESTABLISHED 1919 
Product monvfactured.....-<<oeceacoconeccuco-cooee Manufacturers of “Superformed” Bushings and Bearings...and Spacer Tubes 
a 6604 METTA AVENUE + CLEVELAND 14, OHIO 
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— Slemized Yndex 


Classified for convenience when studying specific design problems 


Design and Calculations 


Contour projector, design of, Edit. 
160-161 

Cut-off control, electronic, Edit. 122 

Dials, designing instrument, Edit. 
150-152, 208, 209 

Diaphragms, nonmetallic, design of, 
Edit. 153-158, 206 

Differential drives, 
Edit. 165-168 

Electronic design, high voltages in, 
Edit. 123-217 

Gear checking machine, design of, 
Edit. 128-130 


(data sheet), 


| Graphical records, analysis of, Edit. 


145-149 

Honing and lapping, design factors, 
Edit. 133-139 

Magnetic suspension bearing, design 
of, Edit. 143-144 

Power conversion equipment, electric, 
comparing, Edit. 140-142 

Pneumatics, high-pressure systems, 
Edit. 116-121 

Sector gear noise elimination, Edit. 
131-132, 196 

wg external, design of, Edit. 161- 


Valve, drain, design of, Edit. 163 
ex rg meter, design of, Edit, 143, 


Engineering Department 
erent, Edit. 184, 186; Adv. 49, 


Instruments, Edit. 184, 186 
Supplies, Edit. 186; Adv. 173, 204, 
221, 252, 290, 292, 297 
Finishes 
Synthetic, Adv. 267 


Materials 


Aluminum alloys, Edit. 164; Adv. 12 
Beryllium alloys, Adv. 288 


‘Brass, Adv. 46, 235 


Bronze, Adv. 69-70, 216, 295 
—— cemented, Edit. 114; Adv. 


Copper alloys, Adv. 236 

Magnesium alloys, Adv. 41, 211 

Magnetic, Edit. 143-144 

Molybdenum alloys, Adv. 232 

Nickel alloys, Adv. 37, 244 

Plastics, Edit. 176; Adv. 195 

Precious metal laminates, Adv. 256 

Rubber and synthetics, Edit. 155, 212; 
Adv. 47, 66 

Sandwich, Adv. 67 

Silicones, Edit. 110; Adv. 202 

Steel, Adv. 43, 105 

Steel, stainless, Adv. 42, 254 


Parts 
Balls, Edit. 164, 174 


gs: 
Ball, Edit. 169, 188; Adv. 6, 11, 30, 


218, 225, 282 
Magnetic suspension, Edit. 143-144 
Pivot, Edit. 113 
Roller, Edit. 172; Adv. 207, 227, 
259, back cover 
Sleeve, Adv. 4, 97, 171, 253, 289 
Bellows, Adv. 74 
Belt tensioner, Adv. 281 
Belts, Edit. 180; Adv. 191, 228, 262, 
273 
Brushes, Adv. 268 
Bushings, Adv. 288 
Carbon parts, Adv. 20 
Castings: 
Centrifugal, Adv. 300 
Die, Adv. 286 
Sand, Edit. 164; Adv. 214, 257, 260, 
264, 302 
Chains: 
Conveyor, Adv. 78-79 
Roller, Adv. 28, 59 
we Adv. 13, 75, 98, 258, 293, 
Collars, Adv. 309 
Compressors, Edit. 170 
Controls, (see Electric, etc.) 
Conveyors, Edit. 170; Adv. 206, 290 
Counters, Adv. 263 
ae Edit. 190; Adv. 38, 71, 
2 


Dials, instrument, Edit. 150-152, 208, 
209 

Diaphragms, Edit. 153-158, 206; Adv. 
205 


Electric accessories, Edit. 174; Adv. 
53, 233, 299 
Electric controls: 
Control assemblies, Edit. 169 
Electronic, Edit. 113, 122, 123-127, 
140-142 
Motor generators, Edit. 140-142 
Rectifiers, Edit. 140-142; Adv. 96 
Relays, Edit. 169, 172, 176, 178, 180; 
Adv. 17, 250 
- Solenoids, Edit. 176 
Starters, Adv. 209, 240, 246, 277 
Switches, Edit. 115, 174, 178; Adv. 
56, 101, 208, 223, 245, 289, 302 
Thermostats, Adv. 272 
Timers, Edit. 169; Adv. inside front 
cover, 196, 224, 291 
Transformers, Adv. 303 
Electric heating units, Adv. 100, 296 
Electric motors, Edit. 172, 178, 180; 
Adv. 19, 27, 34, 39, 44, 51, 55, 
73, 76-77, 80, 87-90, 103, 106, 181, 
197, 230, 292, 299, 301, inside 
back cover 
Engines, Adv. 290, 296, 305 
Fastenings: 
Locking, Adv: 1, 10, 232 
Nuts, bolts, screws, Adv. 14-15, 60, 
62, 68, 82, 91, 177, 179, 220, 222, 
249, 251, 266, 283, 303, 312 
Rivets, Adv. 190 
Felt parts, Adv. 54, 237 
Filters, Adv. 298 
Fittings, Edit. 178 
Forgings, Adv. 307 
Gages, pressure, etc., Adv. 261, 302 
Gears, Edit. 132-133, 165-168, 172, 
196; Adv. 5, 29, 33, 81, 92, 212, 
285, 286, 289, 291, 293, 296, 300 


Heat exchangers, Adv. 72 
Heating units, (see Electric heating 
units) 
Hose, (see Tubing) 
Hydraulic and pneumatic equipment: 
Cylinders, Edit. 190; Adv. 84, 238, 
309 
Jets, size control, Edit. 115 
Power units, Edit. 182; Adv. 203 
Pumps, Edit. 176, 182; Adv. 22, 31, 
102, 226, 239 
Systems, Edit. 114, 116-121, 153-158, 
206, 210; Adv. 305 
Valves, Edit. 154, 169, 172, 176, 
178, 180, 182; Adv. 16, 242, 284 
Instruments, Edit. 174 
Insulation, Adv. 265 
Joints, Edit. 170; Adv. 213, 299 
Knobs, Adv. 301 
Lamps and lighting, Adv. 57 
Lubrication and equipment, Adv. 64- 
65, 175, 269, 292, 301 
Machined parts, Adv. 25, 220 
Magnetos, Adv. 93 
Motors (see Electric motors) 
Mountings, rubber, Adv. 271 
Piping and equipment, Adv. 18 
Plastic parts, Adv. 201, 231 
Pneumatic equipment (see Hydraulic 
and pneumatic) 
Powder-metal parts, Adv. 35, 50 
Pulleys and sheaves, Adv. 26, 234, 
309 
Pumps (see also Hydraulic and pneu- 
matic), Edit. 170; Adv. 85, 183, 
210, 291, 300, 303, 307 
Rings, Adv. 58, 241 
Rubber and synthetic parts, Adv. 63 
Seals, packings, gaskets, Edit. 170; 
Adv. 2, 21, 86, 185, 187, 247, 255 
Shafts, flexible, Adv. 283, 297 
Sheet-metal parts, Adv. 287, 294 
Speed reducers, Edit. 180, 182; Adv. 8, 
Splines, Edit. 188 
Springs, Adv. 200, 276, 294, 307 
Sprockets, Adv. 298 
Stampings, Adv. 270, 274 
Transmissions, variable speed, Edit. 
165-168, 190; Adv. 9, 23, 94-95, 
282 
Tubing: 
Flexible, Adv. 294 
Metallic, Adv. 45, 51, 193, 199, 219, 
275, 278 
Universal joints, Adv. 285, 287 
Valves, (see also Hydraulic and pneu- 
matic), Edit. 163; Adv. 36, 286 
Weldments and equipment, Adv. 40, 
48, 189, 248 
Wheels and casters, Adv. 293 


Production 


Balancing, Adv. 99, 295 

Drilling machines, Adv. 284 

Grinding, Adv. 229 

Hardening, Adv. 298 

Honing and lapping, Edit. 133-139 
Machines, special, Adv. 83, 215, 217 
Testing and equipment, Adv. 243 


‘ ' 
MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally 
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If the Problem Involves 


SPEED REDUCERS 
Get Your Answer From LINK-BELT! 


ey 















Because Link-Belt manufactures four types of speed reducers, you 
are sure to obtain the type ard size which will serve you most 
satisfactorily when you come to Link-Belt. 


In the view above an interesting problem is solved with Link-Belt 
helical gear speed reducers, coupled with D.C. generators connected 
to coil holders in a strip steel plant. The generators provide back- 
drag to supply proper tension on strip or act as motors when feeding 
the end of a new coil up to welding position. 


Link-Belt speed reducers and gearmotors combine efficiently 
with any of the various Link-Belt drives to provide efficient, com- 
pact and durable power transmission at the correct speed. 


Call on Link-Belt for aid and counsel on any mechanical power 
transmission problem. 


LINK-BELT COMPANY 


Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5, 
San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8. 
Offices, Factory Branch Stores and Distributors in Principal Cities. 
10.977-C 





Power Transmission Machinery 
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1643—Torricelli, Italian physicist, has- 1840—Steam pump engines were 1915—Howell “Red Band” Electric 
tened the development of modern helping to keep water out of mines. Motors were introduced. Soon, these 
hydraulic pumps when he found water But low-cost electricity which put the big rugged, industrial-type motors gained wide 
could be raised in a tube by air pressure. push behind pumping was still to come. recognition in this and other industries. 





PUMPS ...IRON HEARTS OF INDUSTRY: 














4 Today — Electrically 


driven pumps form the 
iron hearts of industry and 
vital public utilities. Pumps 
keep water, oil, gasoline and 
many other essential fluids and 

gases flowing. 
: ‘ : On pumping jobs of all kinds, 
ou fl Fae — a — ry - you’ll find precision-built 
~~" j i. Howell Industrial-type Motors 





. giving dependable performance 
year after year. 

elt om oe Howell Motors are also an 

ed 7 f \ , important source of power for 

k- ra = ; ; fans, conveyors, machine tools 

ng re F aa - = a and other industrial equipment. 
' Are you using Howell 

ly Motors? 

n- 

er 





Here’s another precision-built Howell . “y 


Motor . . . industrial type with copper or 
bronze bar rotors . Specially insulated 


. Statically and dynamically balanced. a 0 Ww ‘ [ [ M 0 t 0 R S 


HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 
Manufacturers of Quality Industrial Type Motors Since 1915 


oil 
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Howell Protected Type Motors 
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UPER-SPEED X-ray motion picture process, 
known as high-speed cineradiography, can 
analyze the internal structure of rapidly mov- 
ing objects. Developed at the Westinghouse 
Lamp Research Laboratories the method utilizes 
150,000-volt X-ray exposures of 100 millionths of 
a second and a shutterless camera with a speed 
of 100 frames a second. With the development 
of more powerful X-ray tubes it may be pos- 
sible to inspect externally the internal action of 
airplane and automobile engines. 


TEXTILE INDUSTRY now employs 38 per 
cent of all the nation’s industrial workers, ac- 
cording to the N. Y. Journal of Commerce. 


ELECTROPLATING of magnesium alloys by 
standard techniques is now possible through 
the use of a new process for depositing a thin 
film of zinc on the metal.’ Developed by the 
Dow Chemical Co., the process involves treat- 
ment in a bath which deposits an extremely thin 
film of zinc on the surface of the alloy. Chro- 
mium, silver, gold, copper, brass, cadmium, zinc, 
etc., platings have excellent adhesive properties. 


DESIGNED to move passengers more com- 
fortably and quickly, elevators in Jordan 
Marsh’s Boston department store will have pri- 
vate cockpits attached to the sides of the, cabs 
for the operators and automatic wire recordings 
to announce the floors. 


INVESTMENT-CAST milling cutters made 


* from remelted high-speed steel scrap have shown 


excellent performance in tests at Watervliet 
Arsenal. Since the cast structure of high-speed 
steel is ordinarily broken up by hot work, heat 
treatment is used for the precision-cast cutters 
in an attempt to accomplish the same result. 


CHROMATED PROTEIN coating is a con- 
venient, inexpensive method of protecting zinc, 


iron, brass, and aluminum dur- 
ing outdoor storage in mildly 
corrosive atmospheres. The pro- 
tective value of such films, de- 
veloped at the National Bureau 
of Standards, is somewhat bet- 
ter than that afforded by chem- 
ical surface treatments and is 
much superior to that of corrosion - inhibited 
oils and waxes. Surfaces to be treated are 
dipped in casein, albumin or gelatin; the re- 
sultant film is then impregnated with chromate 


. which hardens the coating and inhibits corro- 


sion. Films are quickly removed with an alka- 
line solution such as 5 per cent sodium hy- 
droxide. 


DOMESTIC HEATING unit designed to burn 
either natural gas or fuel oil as well as a com- 
bination of both is the answer of the Midwest 
Research Institute to the nation’s home-heat- 
ing problems during severely cold weather. Ef- 
ficiency of the unit is equal to existing ones de- 
signed for either fuel. Parts required in the 
gas cycle will also perform a service in the oil 
cycle, eliminating duplication of parts if sep- 
arate burners were used. 


PRODUCTION of rayon, nylon and other syn- 
thetic fibers totaled about 1,030,000,000 pounds 
last year and by the end of 1949 the capacity 
will be increased 26 per cent. 


PERMENORM 5000-Z, a magnetic alloy which 
will make possible revolutionary changes in the 
rectification of electric power, has been repro- 
duced for the first time in the United States at 
the Naval Ordnance Laboratory, White Oak. 
Maryland. The alloy, resulting from a fusion of 
nickel and iron under an intricate heat treating 
process, was first synthetized in 1943 in Ger- 
many. Also useful in the fabrication of maz- 
netic amplifiers, the alloy may replace many of 
the complicated and delicate electronic tube 
amplifiers in guided missiles and fire control 
equipment. 


NEW SYSTEM of photographic analysis de 
veloped by the Navy is capable of accurately 
magnifying time by some four million times. 
The system is called synchronized micro-time 


photography. 
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Offers the Designer 





By Norman C. Penfold 


Chairman, Mechanical Engineering Research 
Armour Research Foundation 


ROGRESS in design engineering has always 

been closely related to and dependent upon the 

characteristics of materials, technical processes, 
scientific principles and production methods. In a 
Sense these have constituted important tools of the 
design engineer. In these fields, both fundamental 
and applied research aid the design engineer in his 
task of utilizing materials more effectively to lower 
production costs and improve production techniques. 
In addition, he is helped to make rapid analytical se- 
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lection of materials and to increase his knowledge of 
fundamental mechanics, energy exchanges and other 
technological tools. 

It is difficult to draw a line of demarcation be- 
tween fundamental and applied research, and a clear 
distinction is not necessary for the present purpose. 
Indeed, the distinction largely rests with the indi- 
vidual’s concept of research, and fundamental or pure 
research eventually becomes applied research or de- 
sign engineering, depending on circumstances. The 
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research, whether engaged in fundamental or applied 
research activities, is essentially a fact-finder. As such, 
he provides the scientific and technological world with 
facts, whether he is developing those facts for a spe- 
cific purpose or purely in a spirit of inquiry. These 
facts expand our knowledge of present materials, prin- 
ciples and processes. In addition, they lead to the de- 
velopment of new materials, new methods and new 
processes—new tools for the design engineer. 

One of the design engineer’s most important func- 
tions is to select the best available materials for a 
purpose. Such selection requires that economic 
studies be made in which factors of material cost, ma- 
terial strength, fabrication cost and others are con- 
sidered. Certain physical requirements such as high 
tensile strength, high resistance to impact, or low 
weight may limit the number of materials which 
might be used. Again, requirements such as corro- 
sion resistance, weldability, appearance or thermal 
conductivity may further restrict selection. 

If the designer had a virtually unlimited number 


of materials to choose from, and if these materigi 
had a practically unlimited range of physical chay 
acteristics, the problem of selection would be sig 
plified considerably. Assuming that the charactep 
istics of the desired material were clearly defined, th 
selection would only involve the consulting of taby 
lated data. Unfortunately, the known materials f 
far short of permitting such a choice. In fact, 
sometimes seems that in spite of advances in recent 
years, we have only begun to realize the potential 
ties of materials and are still quite far away from 
being able to synthesize ones of specific qualities, 
Development of the gas turbine depends more than’ 
anything else on the discovery of materials which 
will withstand high temperatures and high tensile 
stresses and at the same time be resistant to me’ 
chanical and thermal shock, corrosion and erosion, 
Many of us are familiar with the limitations placed on 
the designer of a gas turbine by the shortcomings of 
presently available materials. How different would 
the task of the designer be if he could establish op-7 


Photo, courtesy Westinghouse Electric Corp 


“Development of the 
gas turbine depends 
more than anything 
else on the discovery of 
materials which will 
withstand high temper- 
atures and high tensile 
stresses and at the same 
time be resistant to 
mechanical and_ ther- 
mal shock, corrosion 
and erosion” 
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Photo, courtesy Westinghouse Electric ‘Sere. 


“Fundamental research in electronics has provided vacuum 

tubes and associated electronic devices.” Photo shows 

glass craftsman fabricating a complex custom-made elec- 
tronic tube for use in research 


“Highly theoretical 
work .. . has enabled 
the designer to cope 
more rationally with 
problems in cooling-fin 
design.” Photo shows 
9-cylinder aircraft en- 
gine having forged- 
head cylinders with W- 
type cooling fins 


timum gas temperatures for the turbine, select the 
most suitable thermodynamic and aerodynamic con- 
ditions for highest efficiency, and then design the 
unit knowing that materials were available which 
would meet the requirements! 

Unfortunately, such materials are not now avail- 
able. The future certainly holds promise, however, 
and research will provide materials which more close- 
ly approach the ideal as time goes on. Actually 
there are large gaps in our knowledge of present 
materials which need filling if the designer is to utilize 
these materials most effectively. The design engi- 
neer is often forced to “overdesign” in order that 
machine failures be prevented, just because specific 
data is lacking which will permit him to produce the 
most economical design without approaching too close- 
ly the failure point. When overdesign is impractical 
or not permissible, the experimental engineer may 
have to resort to cut and try methods to satisfy the 
circumstances; this, because of gaps in our knowl- 
edge which fundamental research must logically fill. 

Increased use of rubber-like materials and plastics 
has emphasized the lack of knowledge of good de- 
sign principles. Since these materials do not obey 
the familiar laws applicable to metals such as steel, 
new concepts of properties which constitute good de- 
sign are needed. The designer must be closer to the 
fundamental research in progress in these fields and 
must participate in efforts of co-ordination so that 
resulting data will not only be more quickly available 
to him but will be more valuable because they may be 
more effectively applied. Those engaged in both 
fundamental and applied research may give consider- 
able aid to the design engineer by providing him with 
means for evaluating and interpreting data. 

Many specific examples of new processes, materials 
or design tools may be cited which have resulted from 
fundamental research. Highly theoretical work, fol- 


Photo, courtesy Wright Aeronautical Corp. 





































lowed by experimental investigation, on heat transfer 
rates by conduction, convection and radiation for vari- 
ous structural configurations, has enabled the de- 
signer to cope more rationally with problems in cool- 
ing-fin design. Such work, when coupled with data 
made available by aerodynamic researches, permits, 
for example, better design of heat exchangers and 
engine cylinder barrels. Fundamental research in 
electronics has provided vacuum tubes and associated 
electronic devices which the designer may apply for 
control, instrumentation and other uses. 

Extremely small vacuum tubes, “printed” electronic 
circuits, high-frequency heating and optical-electronic 
developments are enjoying increased application by 
the machine designer. The study of Newton’s rings 
was once a laboratory curiosity; this same principle 
is now widely employed as an interference phenomena 
for optical flats used in precision measurement. work 
in gage laboratories. Fundamental research on X- 
rays, and more particularly that on X-rays of very 
high penetration, now permits the inspection of thick 
sections of metal to determine the presence of flaws. 
The result is elimination of faulty materials through 
nondestructive inspection of their interiors. Thus, 
the structure may be designed with a lower factor 
of safety. Shot-peening of metals to improve phys- 
ical properties and fatigue life is a further example 
of the contribution of fundamental research and ex- 
perimental analysis to the production of superior 
materials. 

An outstanding example of what the designer may 


110 


Photo, courtesy Westinghouse Electric Corp. 





“Extensive research in 
metallurgy, the corro. 
sion of single crystals 
of metal, in lubricating. 
oil corrosion inhibitors 
and in other factors af. 
fecting corrosion and 
bearing load-carrying 
capacity have substan. 
tially increased the 
available _ information 
on bearings and their 
application.” Here an 
engineer takes a_ pho. 
tomicrograph of ao 
Kingsbury-type __ thrust 
bearing surface 


receive from the fundamental research laboratories is 
afforded by a consideration of the development and 
application of silicones. Originally conceived in the 
minds of chemists and later synthesized in the lab- 
oratory, silicones of various compositions are now 
used for special lubricating purposes, as gasket ma- 
terials, as a mold release, as anti-foam agents for 
mineral lubricating oils, as hydraulic fluid for vibra- 
tion damping, as resin for high-temperature electrical 
insulation, as protective coating, as high-temperature 
grease and many others. The designer has not yet 
been able to find uses for some of the silicone com- 
pounds and others will certainly be forthcoming hav- 
ing quite unusual properties. 


Bearings Stronger, Longer Lived 





Bearing materials of improved load-carrying capac- 
ity and resistance to corrosion have permitted the de 
signer to reduce the size and increase the life of many 
mechanical products. In internal-combustion engines 
the crankshaft may be shortened with resultant im- 
provement in rigidity; reciprocating weights may be 
reduced by the use of the smaller bearings. Extet- 
sive research in metallurgy, the corrosion of single 
crystals of metal, in lubricating-oil corrosion inhibi- 
tors and in other factors affecting corrosion and bear- 
ing load-carrying capacity have substantially in- 
creased the available information on bearings and 
their application. Much work remains to be done on 
very high-speed bearings and on the hydrodynamic 
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considerations of oil flow in a bearing, point of entry 
of oil to the bearing, size and location of grooves and 
lubricant characteristics as related to bearing selec- 
tion and design. 

Hydraulic accumulators of the bag-separator type 
were widely employed in hydraulic systems in mili- 
tary aircraft during the last war. These were the 
direct outcome of earlier researches on gas absorptiv- 
ity of hydraulic oils, resistance of rubber-like mate- 
rials to oils, stress analysis of thin-shell cylinders and 
spheres, and many related studies. Such hydraulic 
systems were designed for light weight, relatively 
low cost and compact functions of unique character. 

Bonding of dissimilar metals has provided stainless 
and copper-clad steels for desired combinations of 
strength, corrosion resistance, appearance, ease of 
fabrication, and resistance to fatigue. The many 
methods by which this bonding may be accomplished 
and the large variety of metals which may be treated 
in this manner provide the designer with a good many 
more possibilities when he is considering the mate- 
rials which he might use most effectively for a par- 
ticular application. Research in ceramics will pro- 
vide the designer with ceramic coatings particularly 
for cast iron and steel which will further enhance 
material selection possibilities. 


Powder Metallurgy Holds High Promise 


Powder-metallurgy techniques furnish further evi- 
dence of the role which fundamental research may 
play in the function and activities of the machine 
designer. As well as providing a low-cost, high-pro- 
duction fabrication process, these techniques also fur- 
nish materials of unusual and useful properties. Now 
used for self-lubricating bearings, metal cutting tools, 
seals, filters and many other purposes, continued re- 
search will provide additional metals formed by this 
process which have more specific or superior proper- 
ties as electrical contacts, abrasion-resistant alloys, 
high-temperature bearing materials with increased 
load-carrying capacities, corrosion-resistant coatings 
and many others. 

Fundamental research in extremely high pressures 
is beginning to provide the data which are necessary 
for the development of materials and lubricants for 
bearings, gearing and other applications. Gear fail- 
ures are almost always the result of fatigue caused 
by metal surface deformation and the designer at the 
present time is able to utilize only a small fraction of 
the inherent strength of the metal in the design of 
gears. Extreme-pressure lubricants, particularly 
those of the hypoid variety, have demonstrated their 
ability to permit operation of gears at, higher loads 
before failure is experienced. The designer has many 
incentives to reduce the size and weight of gearing 
and this usually can be done only by increased speed 
and gear tooth pressures. Fundamental research on 
the behavior of lubricants and metals under high 
Pressures, coupled with functional tests on gearing 
and gear lubricants, will enable the designer of gear- 
ing to meet demands for small, more highly-loaded 
gear sets. 

Precision casting techniques, long employed by the 
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“The designer looks to the fundamental research labora- 

tories to provide him with improved methods of fabrication 

or new techniques.” Flywheel-type carbide cutter is shown 

removing 50 cubic inches of metal per minute from surface 
of 0.40-carbon steel rack forging 


dental and medical professions, are now in wide usage 
for the fabrication of shapes hitherto impossible or 
extremely expensive. Rubber molding and rubber in- 
jection processes have further increased the designer’s 
choice of materials and suitable manufacturing proc- 
esses. 

The benefits of atomic research are now beginning 
to find industrial application in which the machine 
designer is playing and will play an increasingly im- 
portant part. These benefits now are largely usable 
only by research laboratories and have been most 
quickly applicable to medical research. However, the 
metallurgist, geologist, power engineer and instru- 
ment designer may avail themselves of many of these 
benefits. 

Since the designer must consider fabrication tech- 
niques applicable to various materials he may choose 
as having the desired characteristics, he looks to 
the fundamental research laboratories to provide him 
with improved methods of fabrication or new tech- 
niques. Considering again the designer of a gas tur- 
bine, how often after selecting promising materials 
does he find serious fabrication difficulties! Perhaps 





111 


Photo, courtesy G. A. Gray Co. 




























the material cannot be welded satisfactorily; or 
perhaps the complicated and time-consuming heat 
treatment to relieve the welding stresses is so ex- 
pensive that the material cannot be used. How con- 
venient it would be if research could provide, at little 
cost, materials to any specification the designer 
chose! 

Many different processes are usually applicable to 
fabrication of the same material. Generally, the de- 
signer has the benefit of previous use and the field 
of application has been narrowed somewhat by the 
long experience of others. The average designer can- 
not be acquainted with all of the many processes 
applicable to all materials, but he usually has the 
opportunity to specialize to some extent in certain 
classes of materials, or the type of industry in which 
he is employed may dictate the family of materials 
to be used. In any event, a thorough and precise 
organization of data would be helpful. 


Way Cleared to More Practical Analysis 


Research has provided the design engineer with 
experimental analysis techniques for use where math- 
ematical analysis is too complicated. A good example 
of this is the increasingly important use of a model 
analysis which calls for the construction of a scale 
model of the machine in plastic having a modulus 
much lower than that of the machine material. De- 


“Use of stroboscopic instruments and the use of the oscillo- 
graph in combination with electric strain gages will permit 
the designer to study and determine dynamic stresses more 
accurately.” Photo skews balancing of rotors on electro- 
magnetic machine. By means of stroboscope, operator 
sees spot on revolving rotor that is out of balance, and 
reads amount directly on meter 

Photo, courtesy Westinghouse Electric Corp. 
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flection of the model under stress bears a definite 
relationship to that of the finished machine, depend. 
ing on the modulus of the model material and the 
scale of the model. Such a technique permits the 
designer to construct models, measure deflections 
under various loads, then make most effective yg 
of materials and provide adequate safety factors with. 
out “overdesigning”’. 

Electrical gaging methods for determination of 
pressure, vibration, movement and strain are the 
result of combined efforts of researchers and design 
engineers and provide ingenious tools for better de. 
sign practices. Oscillographic instruments are now 
commonplace and are a valuable adjunct to the grow. 
ing list of technological aids. Scientific instruments 
which have been conceived and developed in re. 
search laboratories are being redesigned for more 
general use. This redesign is aimed at reduction in 
cost and simplification of operation so that operation 
may be done by technician-quality personnel. Auto. 
matic operation of such instruments further improves 
their usefulness and further removes them from the 
sole province of the fundamental researcher. Spectro- 
scopic instruments, photometers, X-ray and electron 
diffraction apparatus are among the instruments 
which will become increasingly more ureful in the 
work of the designer. 


New Tools Reveal Dynamic Stresses 


Accurate stress determination is one of the most 
difficult tasks the design engineer has. New methods 
of experimental stress analysis will permit more ac- 
curate results than the combination of safety factors 
and empirical formulas which the designer must 
sometimes rely upon. Photoelasticity, stress coat, 
electric strain gages and extensometers are among 
the presently available aids to the designer in this 
connection. The designer has also found, or will 
find, that increasing importance will be given to 
stress determination under dynamic rather than 
static conditions, since the importance of dynamic 
considerations is frequently demonstrated where 
failure of parts or structures is experienced. Motion 
analysis by high-speed photography, the use of 
stroboscopic instruments and the use of the ocillo- 
graph in combination with electric strain gages will 
permit the designer to study and determine dynamic 
stresses more accurately under various operating 
conditions. Critical examination of parts or structures 
which have failed provides additional design informa- 
tion, and many techniques are available for this put- 
pose. Radiography and supersonic echoes are among 
the newer techniques in this field. 

We are confident that research, if properly di- 
rected, can produce wealth, an expanding market 
for the useful things created by the designer and 
a fuller sphere of activity for the designer. Research 
is undoubtedly among the most potent constructive 
forces we possess; but it can be made destructive also. 
We, as engineers, must give more thought and energy 
to keeping fundamental research vital and applied re- 
search constructive if we are to enjoy the benefits 
which result from research. 
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Accessible, yet neatly tucked away when not being serviced, the elec- 
tronic control equipment shown above is mounted in the base of a Monarch 
lathe. The chassis slides out on a roller bearing telescoping suspension much 
like an office filing cabinet. This makes the whole unit readily accessible to 
the service man, a feature which the customer appreciates., The control pro- 
vides direct-current, adjustable-voltage control for the spindle motor. Its cir- 
cuit employs 16-ampere xenon-filled tubes together with control tubes, re- 
sistors, capacitors, etc. In size the control is considerably smaller than con- 
ventional electronic units. 


Bearing with spring-mounted jewel as shown at right protects its pivot 
even under conditions of abnormal shock or abuse. Developed by the Gen- 
eral Electric Co. for instruments, the bearing construction permits hard use 
without harm. If, due to shock, the pressure of the pivot on the jewel is ap- 
preciably higher than normal, the jewel merely recedes into the screw. Be- 
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fore the jewel hits bottom, 
the shoulder on the end of 
the shaft strikes the top of 
the jewel screw and takes 
the shock, thus protecting 
the bearing against pos- 
sible damage. 


Hydraulic pitman 
illustrated in the sketches 
at right has an automatic 
cutout in case of overload. 
As long as the pitman is 
in normal working posi- 
tion, the limit switch re- 
mains open. In event the 
dies become jammed, by 
the introduction of two or 
more pieces into a given 
work station, the pitman 
and ram close the limit 
switch. The closing of the 
switch energizes a solen- 
oid and opens a 3-way valve, which in 
turn energizes a power air cylinder. 
This cylinder trips a linkage mechan- 
ism which automatically disengages 
the press clutch and brings the press to 
a definite stop before the next work 
cycle of the press crank. This arrange- 
ment, designed by the Dayton Rogers 
Manufacturing Co., in no way inter- 
feres with the intermittent operation of 
the press. However, when the press is 
to be run continually, and the press 
tripping lever is depressed, it assures 
continuous operation. 


Cemented carbide inserts pro- 
vide wear resistance on the cams util- 
ized on the five-station ten-spindle pre- 
cision boring machine shown at right, 
insuring continuity of accuracy and 
long life. Designed by Hoern and 
Dilts Inc., the machine also uses solid 
Carboloy cemented carbide bars to 
bore parts of greater length-to-diam- 
eter ratios with greater accuracy. 
Rigidity of the carbide is 2.8 times that 
of steel, reducing both deflection and 
wind-up. For example, valve guides of 
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6:1 length-to-diameter ratio are being 
bored to a precision of 0.00l-inch on 
diameter and 0.0002-inch for alignment 
and concentricity. Operation of the tooi 
slide is through a master cam mounted 
on the machine column. Intermediate 
cams control infeed of the tools. The tool 
slides, instead of being cast iron, are tool 
steel. Insérts as used in the cams are il- 
lustrated at left. 


Air mercury sizing controi 
gages the workpiece while the 
grinder illustrated at left in in op- 
eration. Upon approaching size 
the control slows down the feed 
of the grinding wheel. When size 
is reached the wheel retracts au- 
tomatically. 

As shown in the schematic 
sketch at left of the device, which 
has been developed by Landis 
Tool Co., air pressure at approxi- 
mately 2 psi from a compressor 
goes direct into the air relief valve 
which is a combination filter and 
pressure regulator. From this 
valve the air passes through a 
mercury switch to an air jet 
mounted in a caliper frame. This 
frame is equipped with two Car- 
boloy tipped shoes that rest light- 
ly against the work. 

While grinding proceeds, the 
sizing head moves slightly for- 
ward, decreasing the gap be- 
tween the work and nozzle. This 
movement causes pressure to 
build up in the air line and the 
mercury to rise in the switch. Just 
before the work reaches final size 
the mercury rises to the lower 
contact in the switch, energizing 
the control circuit for slow feed. 
As the mercury rises higher it 
touches the second contact, caus- 
ing the grinding wheel to move 
away from the work. For various 
diameters of work the caliper 
frame jaws and the position of 
the jet are adjustable. The con- 
tacts in the mercury switch may 
also be adjusted to make con- 
tact at the desired pressure for 
maximum sensitivity of the con- 
trol unit. 
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ERHAPS the question most of- 
ten asked about the high-speed 
bomber XB-46 shown in Fig. 1 
is, “Why did you choose pneumat- 
ics rather than an electric or hy- 
draulic system to operate the land- 
ing gear, bomb-bay doors and 
brakes?” The best way to answer 
this question is to present factual 
data showing that pneumatics 
proved the best choice for intermit- 
tent, high-speed, heavy-load, opera- 
tion of various units on the air- 
plane. 
First, the primary advantages 
of a pneumatic system—advan- 











tages that make it preferable to 
any other source of power—might 
be outlined as follows: 
By Harvey F. Gerwig and Joseph H. Famme 
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I-System and Equipment 


DESIGN incorporating the use of pneumat- 
ics at pressures beyond those commonly 
employed has rarely been attempted. In 
the interest of furthering development of 
high-pressure pneumatics into the realm 
of 1500 to 2000 psi pressures, the authors 
have prepared this interesting article. It is 
hoped that the experiment discussed will 
open the way to a new and broader field 
of drive and control possibilities 


Fig. 1—Top—Consolidated-Vultee high-speed jet 

bomber XB-46, landing gear, fuselage bomb-bay 

and brake systems of which are pneumatically 
operated. Storage pressure is 1500 psi 


Fig. 2—Left—Schematic diagram of the XB-46 
high-pressure pneumatic system 


Fig. 3—Right—Typical spherical and cylindrical 
pneumatic accumulator bottles 
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. It requires the least amount 


of power from the engine in 
flight, because its potential 
energy can be stored by 
ground charging. The result 
is increased safety at takeoff 
(when all power may be 
needed to clear obstacles) and 
substantial fuel saving 


. Air, the medium of potential 


energy, is at all times avail- 
able at no initial cost 


. Unlike an electrical or hy- 


draulic system, a pneumatic 
system is completely free of 
fire hazards 


. It is the cleanest system of 


all. Leaks—easily detected by 
the sound of escaping air— 
create no mess whatsoever 


. A pneumatic system is ideal 


for operation during the ex- 
tremes of winter and summer 
because the viscosity of air is 
very low, even at —650 F, so 





























lines can be small. In comparable 3000-psi hy- 
draulic systems the line sizes reach 1% inches 
in overall diameter, whereas the largest line in 
the pneumatic system is %-inch in overall di- 
ameter. Air, unlike viscid fluids, does not con- 
geal. Freezing of moisture deposited from the air 
into the accumulators, originally considered a 
problem, has proved to be of no consequence. Air 
delivered from a ground-charging compressor is 
practically dry. An engine-driven compressor op- 


erating under the most humid conditions and de- 
livering five cubic feet per minute of free air at 
1500 psi discharge pressure, would deliver only a 
gallon of moisture in eight hours of continuous 
running 
With the compressor only operating an ay- 
erage of 12 minutes per flight, this amounts to 
only 5.77 cubic inches—small indeed when com- 
pared to the system volume of 7000 cubic inches. 
At 37,000 feet altitude or —67 F temperature, the 
rate of actuation of bomb 
doors, camera doors or flare 
chute doors will be the same 








A- /st stage let 
8-/ st stage outlet 
C-2nd stage inlet 
D-2nd stage outlet 
rE- clutch contro/ 



























































as on the ground at standard 
conditions. This fact is of 
great importance in checking 
out operations during pre- 
flight inspections. In the case 
of hydraulics this would not 
ve true. Pressure loss from 
line friction is insignificant at 
any of the required operating 
temperature ranges and seri- 
ous shock waves due to surge 
pressures do not occur, air be- 
ing a compressive medium 

. Air, because of its compressi- 
bility makes an ideal cushion 
for arresting the motion of an 
actuating cylinder piston which 
is traveling at high velocity. 
This cushioning or snubbing 
can be easily accomplished by 
introducing air pressure to the 


Fig. 4 — Left — Automatic two-stage 
Westinghouse compressor for the sys- 
tem weighs but 15 pounds 





Fig. 5—Below—Various types of pneu- 
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opposite side of the piston from the side produc- 
ing the actuating force. Adiabatically compressed 
at the end of the stroke, this pressure stops the 
piston with no resulting impact 

. Sonic velocities can be achieved when the air stor- 
age pressure is twice that of the operating pres- 
sure. This permits the design of units for split- 
second operation if such is the requirement. Re- 
gardless of how many times the ratio of air stor- 
age pressure to operating pressure is increased, 
the mass flow will not change. Because of this 
fact the most practical operating pressures range 
from one-fourth to one-third storage pressure. 


PNEUMATIC SYSTEM AND EQUIPMENT: The XB-46 
pneumatic system which is quite simple, as shown 
by the schematic diagram Fig. 2, is composed of the 
following major pieces of equipment. 


Accumulators or Storage Bottles: These units store 
air pressure at 1500 psi and provide sufficient po- 
tential energy for two cycles of operation without 
recharging. The units are ground charged before 
takeoff by a high-capacity service compressor and 
| are maintained in flight by a low-capacity, engine- 
driven compressor or its equivalent. Normally one 
accumulator, Fig. 3, is located at each unit. 


Compressors: Usually of the two-stage piston type, 
compressors can be driven by any one of three meth- 
ods: (a) Direct engine drive by means of standard 
gear reduction engine pad, (b) by an expansion tur- 
bine which receives energy from the surplus air bleed 
of the engine compressor, or (c) by electric motor, 
but this generally is uneconomical because of ineffi- 
ciencies. One of the most advantageous installations 
of an engine-driven compressor is in combination with 
a jet engine of 4000 pounds thrust, which provides a 
supercharge of 34 psi from the last stage of its com- 
pressor and thereby reduces the charging time of the 
pneumatic compressor both at sea level and at alti- 
tudes. The most practical compressor developed so 
far is an engine-driven, two-stage piston type that 
delivers five cubic feet of free air per minute at a 
discharge pressure of 1500 psi. This small, compact 
unit, Fig. 4, weighs only 15 pounds. 

Pressure Regulators: These units which reduce the 
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Fig. 6 — Above — Weston adjustable pneumatic pressure 
regulator using optically flat plate poppet 


Fig. 7—Below—Weston adjustable pneumatic relief valve 
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Fig. 8—Below—Saval pneumatic pilot-operated selector 
valve. Design is typical of solenoid valve also 

















storage pressure to the required operating pressure, 
are important because they conserve storage energy, 
They make it unnecessary for all units and lines to 
withstand storage pressure, permitting use of lines 
with thinner walls and thus effecting a considerable 
saving in weight. Of the several types available 
today, the most satisfactory is the “optical flat” 
lapped-plate poppet type, Fig. 5a. A low-rate spring 
to reduce critical adjustments and overcome pressure 
changes resulting from temperature variations would 
improve the control range of regulators, Fig. 6. 


Relief Valves: These valves protect the system from 
rupture due to surge or excessive pressures. The 
diaphragm-spring type is the lightest relief valve 
available, but because the diaphragm has shown a | 
tendency toward fatigue after repeated operations, 
a more satisfactory valve is under development, 
Fig. T. 

Selector Valves: These valves, which regulate the 
operation of all actuating units, can be controlled 
by three basic methods—pneumatic or hydraulic pilot 

Fig. 9—Above—Typical linear motion actuators used on control, electric solenoid control or manual control. 
the XB-46 system The most satisfactory type of selector valve on the 





Fig. 10—Left—Cross section of 
typical pneumatic cylinder 
design used in system 











Fig. 11 — Below — Pneumatic 
brake valve using optically 
flat plate poppet principle 
designed by Weston and 
Consolidated-Vultee 














Pressure port 
Broke port 
Exhaust port 


Ri 
x X bt Tegees comtro/ port 
: E ee 





i 
eo . a ee 















































|x x 
~.e x dh. 5 ,.4 


2) . ° P \ 
Return spring- Contro/ piston > 


» 








Contro/ spring — 


Exhoust seat ond Air or oll remote 
contro! rod control chamber 











MACHINE DESIGN—June, 1948 








sure, 
ergy, 
es to 
lines 
rable 
lable 
flat” 
ring 
sure 
jould 


from 

The 
valve 
m a 
ions, 
nent, 


- the 
olled 
pilot 
trol, 
the 


>n of 
inder 


natic 
cally 
ciple 
and 








market is the “shear-flow” type, embodying a tubu- 
lar poppet with optically flat lapped slide or rotor 
seat surfaces. Unlike other types, wherein the pop- 
pet is lifted off the seat to provide flow, the tubular 
poppet is moved along the seat—hence the term 
“shear-flow”’, Fig. 5. This valve has the added ad- 
yantage of wiping off the seat as it moves, shearing 
any ice that might form, Fig. 8. 

Actuating Units: Actuators which provide the force 
required to move the operating parts, are of two 
basic types—cylinders, Fig. 9, with linear motion, and 
motors with rotary motion. Pneumatic actuating 
cylinders are essentially like hydraulic actuating 
cylinders except that they require integral lubrica- 
tion. At present this lubrication is accomplished by 
installing a grease-packed felt washer in a groove 
on both sides of the standard rubber “doughnut” 
seal, Fig. 10. Lubricating qualities of existing types 
require improvement inasmuch as the seals often 
tend to adhere to the piston rod or cylinder walls 
under high-pressure operation. One solution has been 
obtained by use of a 5 per cent paraffin impregnation, 
but further development should be carried out toward 
a more satisfactory solution to this sealing problem. 
Air motors for operation at high pressures are still 
in the development stage but will, when proved to 
be satisfactory, effect an appreciable saving in weight 
over an electric motor, especially in applications such 
as flap drives. 


Pilot-Operated Brake System Desirable 


Brake Valves: These valves control the pressure 
delivered to the brakes and thereby control the rate 
at which the airplane is stopped. The most econom- 
ical installation is to mount the brake valve on the 
main landing gear, operating it through the foot 
pedals by means of a remote control, self-contained 
hydraulic master and slave system. Because the land- 
ing gear itself can be used as an accumulator, the 
lines required to deliver air to the brakes are very 
short. The exhaust air, furthermore, is vented at 
the valve, effecting split-second operation. In brake 
valves, as elsewhere, the most practical type employs 
the principle of the “optical flat” lapped-plate poppet, 
Fig. 11. To eliminate the need for hydraulic remote 
control of the brake valve, a revision of present-day 
low-pressure air brake systems could be employed. 
Another means of accomplishing this would be the 
utilization of low-pressure pilot-operated control 
valves. 

Fuses: Shown in Fig. 12 is an adjustable type fuse 
used in the pneumatic system to protect against 
failure of pressure gages and lines. Similar to those 
used in a hydraulic system, operation of the fuse is 
based on a quantity-measuring principle. 

Check Valves: As usual these valves allow flow in 
one direction only. The type shown in Fig. 13 em- 
ploys a meta! seat and a plate poppet in lieu of the 
Tubber, fiber or steel poppet used on hydraulic check 
Valves (see Fig. 5c and d.) The rubber seat type 
proved satisfactory in service but it is believed that 
the design shown in Fig. 13 is more reliable. 

Shuttle Valve: When the emergency system pres- 
Sure is selected in lieu of the normal system, shuttle 
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Fig. 12—Above—Weston adjustable pneumatic fuse for 
gage and line protection 


Fig. 13—Below—Pneumatic check valve utilizing a metal 
seat and a plate poppet. A restrictor check valve has an 
orifice hole through the poppet 


Plote poppet 





Fig. 14—Below—Highly satisfactory shuttle valve designed 
with a metal seat and plate poppet 
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valves provide automatic cutoff of the normal operat- 
ing system pressure lines, Fig. 14. Shuttle valves 
using the rubber seat, Fig. 5c, did not prove as satis- 
factory as the check valve and the design as shown 
in Fig. 14 is recommended. 

The concluding portion of this article, which will 
appear in the following issue of MACHINE DESIGN, 
will trace the development and research which led 
to the present successful pneumatic system used on 
the XB-46. 
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Provides Accura te 


Cut-Off Control 


By Oren G. Rutemiller 


Consulting Engineer 
Cincinnati 


REQUENTLY it is desired to measure equal in- 

crements of length automatically, for example, the 
measuring of sheets being cut from a roll of web 
stock. The photoelectric web edge guide control de- 
signed for another purpose may be readily adapted 
to this application. This electronic control has been 
standardized by a number of manufacturers of indus- 
trial electronic equipment and is therefore readily 
available at low cost. Its application as a length or 
cut-off control will result in an inexpensive device 
that will give highly accurate results. 

This control consists of a light source arranged to 
direct light on two fixed apertures each of which is 
associated with a separate phototube. The apertures 
are arranged so that, when a flat sheet is introduced 
between the light source and the apertures, first one 
aperture then the other is covered. With this ar- 
rangement three control conditions are possible: (1) 
Sheet withdrawn, both apertures illuminated, (2) 
sheet at controlled position, one aperture dark the 
other light and (3) sheet inserted beyond control 
position, both apertures dark. The phototubes are 
associated with suitable amplifiers which in turn op- 
erate relays, the contacts of which may be used for 
control of other magnetic control devices such as mo- 
tor starters. 

In applying this device as a cut-off control the 
scaneer head, shown in the photograph, consisting of 
light source, apertures and phototubes is mounted in 
a position such that the leading edge of the sheet will 
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cover one phototube aperture when the proper length 
of sheet has been fed from the cut-off head. This 
arrangement is illustrated in the accompanying 
sketch. 

The magnetic motor control is arranged to ener- 
gize the feed motor that causes the web to be fed 
out when both apertures are illuminated. When the 
leading edge enters the scanner, the first aperture is 
darkened and the feed motor is de-energized. The 
feed motor will not stop instantly and consequently 
the feed motor in the reverse direction at reduced 
second aperture will be darkened. 

This causes the magnetic motor control to start 
the fed motor in the reverse direction at reduced 
speed. This action may actually plug the feed motor 
in some cases providing a faster stop of the feed mo- 
tor and less overshoot. When the leading edge of the 
web has returned to the point where the second aper- 
ture is again illuminated the feed motor is stopped. 
The space between the apertures is adjusted to allow 
for the small amount of overshoot that will occur at 
this time due to the reduction in speed. Because of 
the slow speed of return, the second overshoot will 
be much less and the sheet will be accurately posi- 
tioned. Since the slow-speed motor must move the 
web only a short distance very little time is lost ia 
this second positioning operation and because higher 
accuracy is possible, the forward feed speed may be 
increased considerably. In many cases an overall 
saving in time is possible. Any of the usual schemes 
of braking may be applied to the slow-speed opera- 
tion and will further reduce the overshoot and there- 
fore increase the accuracy. 

If the reverse speed is about one-tenth of the for- 
ward speed an accuracy of approximately one one- 
hundredth of the distance moved in one second at 
the high speed can be realized. 
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§ j|-Below—Cross section through a small diameter con- 
ductor and its dielectric field 


9-Right—Conductor increased in diameter to reduce the 
high voltage gradients near the conductor 
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ONSIDERABLE uncertainty generally accom- 
C panies the laying out of high voltage circuits 
in the mechanical design of new electronic 
equipment. This is particularly evident when the ap- 
paratus is being designed as compactly as possible to 
conserve weight and volume as is the case in air- 
craft, military, and other specialized types of equip- 
ment. Often this equipment is beset with troubles of 
corona and sparking in high voltage circuits as a re- 
sult of being spaced too closely. 

When all of outdoors is not available for isolating 
high voltage circuits it becomes necessary for the 
designer to have at hand some well-founded stand- 
ards upon which the air and surface spacings of high 
voltages can be based. It is the purpose of this ar- 
ticle to present a set of such standards for the guid- 


Fig. 3—Right—Conductor of Fig. 1 in the process of break- 
ing down to ground 
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By Walter E. Peery 


Consulting Engineer and Designer 
Morristown, N. J. 
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High Voltages in Electronics 


Formulas and charts furnish data on correct spacing between 
conductors for prevention of sparking and corona effects 
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ance of engineers and designers responsible for the 
mechanical construction of electronic apparatus. 
Problems encountered in laying out high voltage 
circuits are those of controlling the electrostatic 
fields produced by the voltages. While electrostatics 
is a complex subject, it is necessary to understand 
the mechanics of only a few of its phenomena to have 
an adequate working knowledge of the subject for 
design purposes. A brief discussion of these phe- 
nomena will serve not only to acquaint the reader 
with electrostatics but will illustrate the solutions of 
some high voltage problems and give him a basis for 
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Fig. 4—A post insulator (top) showing high voltage grad- 
ients near conductor. Method of preventing breakdown 
consists of corona shield shown in lower view 


understanding the spacing standards. Figs. 1 and 2 
illustrate the effect of large diameter conductors 
versus small diameter conductors on the distribution 
of the electrostatic flux and the voltage gradient in 
the dielectric. (Electrostatic flux follows the same 
laws of distribution as the magnetic flux of a magnet.) 
_In Fig. 1 the flux converges toward the small con- 
ductor, causing high flux densities at the conductor. 
The voltage gradient in the air is proportional to the 
flux density and therefore there exists a dispropor- 
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tionate distribution of the voltage drop between cop. 
ductor and ground. The voltage gradient at and neg 
the conductor is much higher than that near th 
ground plane. In other words the air near the cop. 
ductor is being subjected to greater electric stregg 


‘The smaller the conductor the more disproportionat. 


will be the voltage distribution and the higher wijj 
be the stress at the conductor. If the stress in aj; 
exceeds 31 kilovolts per centimeter it will break dow 
electrically and will be evidenced by the appearance 
of corona. 

In Fig. 2 the condition has been almost completely 
relieved by substituting a larger diameter conductor, 
Here the spacing between conductor and ground plane 
remains the same but the voltage is distributed mor 
uniformly across the gap and the air is stressed more 
uniformly. Basically, the elimination of the converg. 
ing flux has produced this desirable result. 

In Fig. 3 is illustrated the mechanics of progres. 
sive rupture of the air of Fig. 1. In Fig. 3, the volt- 
age on the conductor has been raised beyond the 
corona point and a jacket of ionized or conductive 
air now surrounds it. The ionized air extends to the 
point where the voltage gradient is just 31 kilovolts 
per centimeter. A virtual conductor now exists 
around the original conductor, which reduces the orig- 
inal air gap and in turn increases the voltage gradient 
of the air surrounding the virtual conductor to above 
the breakdown point. This air in turn is ionized and 
the process continues until the complete gap is ionized 
and arcing over or sparking follows. 


Corona Eliminated by Design 


Two common locations of corona trouble, and effec- 
tive methods of eliminating corona in each case, are 
illustrated in Figs. 4 and 5. In Fig. 4 the sharp edges 
of the washer and lug on the insulator cause con- 
verging of the electrostatic flux. This is cured by 
attaching a corona shield or “hat” to the insulator 
to effect a more even distribution of the flux and 
reduce the high voltage gradients in the air surround- 
ing the insulator top. 

In Fig. 5 a high voltage conductor passes through 
a hole in a metal enclosure. The sharp edges of the 
hole and the size of the conductor cause a converg- 
ing of the flux resulting in corona at the conductor 
and the edges of the hole. A curved metal shield is 
installed in the hole as shown and the conductor size 
is increased to reduce the convergence and eliminate 
the corona. In both of these cases the interesting 
fact will be noticed that the actual gap spacing has 
been reduced by the corrective measures but the fac- 
tor of safety against spark over is considerably in- 
creased. 

The major design problem in preventing corona and 
sparking, as will appear from these examples, is one 
of preventing flux concentrations which produce high 
voltage gradients in the air surrounding the con- 
ductor. The solution lies in (1) providing rounded 
conducting surfaces of large radii and (2) adequate 
air and surface spacing to distribute the electro 
static flux. 

AIR AND SURFACE SPACING STANDARDS: Figs. 6 and 
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7 show the recommended minimum air and surface 


spacings for high voltages. Separate curves are 
given for organic and inorganic types of insulation, 
for rounded and sharp-edged conductor surfaces, and 
for a-c, d-c, and pulse voltages. 

The data presented are based on operation at sea 
level pressure. When the equipment is to be operated 
in air pressures other than sea level, the spacings 
called for in the curves must be multiplied by the 
ratio of the sea level pressure to the working pres- 
sure. (The dielectric strength of air is directly pro- 
portional to its pressure throughout the practical 
working range of atmospheric pressures. ) 

If the equipment will not be subjected to the cir- 
culation of humid or contaminated air at any time, 
the spacings called for in the curves may be de- 
creased in the interests of making the equipment 
more compact. This applies particularly to aircraft 
equipment and similar equipment which must be de- 
signed to volume and weight limitations. The amount 
of this decrease must be decided on the basis of the 
particular requirements of the design and the judg- 
ment of the designer. 


Basis of the Spacing Curves 


The spacing curves for air were based on the elec- 
trical breakdown characteristics of ball and needle 
spark gaps; those for insulating surfaces were based 
on insulator breakdown tests and on past experience 
with insulator problems in electronic equipment. The 
curves terminate at the 0.2 and 0.3-inch spacing lines, 
respectively, since these are the minimum practical 
spacings from the mechanical assembly standpoint 
for any voltage in ordinary electronic apparatus de- 
signs. Midget and ultra-compact apparatus consti- 
tute special cases. The curves also change slope be- 
tween the 300-volt and the 0.5-inch spacing point to 
give more clearance to voltages between these points 
than would theoretically be called for. This is done 
for mechanical assembly and wiring purposes and to 
allow for accumulations of foreign materials in the 
spacings allowed. 


SHARP EDGED AND ROUNDED CONDUCTORS: Curves 
A and B of Fig. 6 give the minimum spacing for 
sharp-edged conducting surfaces. Curve C gives min- 
imum spacings for conducting surfaces whose radius 
of curvature is at least half of the spacing between 
conducting surfaces. Selection of the radius of curva- 
ture equal to 50 per cent of the spacing is based upon 
the fact that such surfaces prevent the voltage gradi- 
ents which cause corona. 

For practical design purposes a sharp-edged sur- 
face can be considered one which has a radius of 
curvature of less than 5 per cent of the spacing. The 
Spacing curve for sharp-edged surfaces has a factor 
s safety of five over the needle-gap breakdown spac- 

When working with sharp-edged conductors of high 
voltages it must be realized that corona formation is 
& matter of degree even with spacings much greater 
than those given by the curve. The factor of five 
Was selected as a compromise between unreasonably 
large spacings and unreasonably large amounts of 
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corona. This fact further emphasizes the desirability 
of incorporating rounded surfaces in the high volt- 
age conducting parts. 

For those cases where the radius of curvature is 
between 5 and 50 per cent of the spacing, a more ap- 
propriate spacing -can be calculated by multiplying 
the spacing given by curve A by the factor @ found 
from the following empirical formula: 


8 0.57 


where 6 = multiplying factor to apply to the spac- 


ing found from curve A; S = spacing between con- 
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Fig. 5—Corona (a) where conductor enters an enclosure is 
prevented by addition of corona shield shown at (b) 


ductors in inches, found from curve A; and r = ra- 
dius of curvature of conductor in inches. 


INSULATOR SURFACE SPACING: Curves D and E of 
Fig. 7 give the surface spacing across insulating sur- 
faces. Surface spacing includes the total creepage 
path along the surface of the insulator. 

If an insulator is clean and dry its surface may be 
considered equivalent to air as an insulator. An in- 
sulator seldom remains clean and dry, however, but 
becomes contaminated with moisture and foreign mat- 
ter which decreases its effective surface length. There- 
fore, the surface spacing curves D and E show great- 
er spacings than the air spacing curves. 

Organic insulating materials such as rubber, phe- 
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nolics, paper, varnishes, etc., are carbonized by the 
heat and ozone generated by corona and by any spark- 
ing or arcing that may occur on their surfaces. It 
is imperative, therefore, that in any apparatus de- 
sign incorporating these insulating materials the de- 
signer be certain that they will not be subjected to 
these deteriorating influences. For this reason or- 
ganic insulating materials are not recommended for 
use in circuits having more than 500 volts impressed. 


When Slight Corona: Is Permissible 


Inorganic insulating materials such as mica, ceram- 
ics, glass, asbestos, etc., can not be carbonized and, 
therefore, if the situation dictates, may be subjected 
to small amounts of corona without damage. How- 
ever, the heat generated by corona has been known 
to explode wet ceramic insulators, and in this case, 
therefore, the practice is definitely not recommended. 


PULSE AND TRANSIENT VOLTAGES: Curve B of Fig. 
6 gives air separation data for pulse and transient 
voltages of one microsecond duration, while curve ? 
of Fig. 7 gives surface separation data in connection 
with inorganic insulating materials. 

Less spacing between conductors carrying pulse 
and transient voltages is required than for a-c or d-c 


*“The Effect of Transient Voltages on Dielectrics’’—F. W. Peek, Jr. 
Trans. A.1.E.E. Vol. 49, 1930, Pages 1465-1469. 





voltages because of the time necessary to establish 
corona, ionize the gap and flash over. This ratio of 
d-c flashover voltage to pulse flashover voltage is 
known as the impulse ratio. 

For air spacing the impulse ratio according to 
Peek* is: 


Ro ns oe ca 


where B, = impulse ratio for air spacing and ¢ = 
duration of pulse crest, in microseconds. 

To find air spacings for pulses other than one mi- 
crosecond in duration divide the air spacing data 
from curve A by the impulse ratio as calculated by 
Equation 2. 

For surface spacing the impulse ratio also accord- 
ing to Peek* is: 


an i ee ia To ey Ses * ihe (3) 
vt 


where B, = impulse ratio for surface spacing and t 
= duration of pulse crest, in microseconds. The im- 
pulse ratio for surface spacing is used in conjunction 


Fig. 6—Minimum air spacing between conductors 
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Fig. 7—Minimum surface spacing between conductors 


with curve E. Impulse ratios do not apply to well- 
rounded surfaces since it is a phenomenon of the time 
lag in corona production, and corona is not developed 
on those surfaces. . 


UsE OF THE DESIGN CuRVES: The following tabula- 
tion is a simplified guide to the use of the design 
curves: 


DC Voltages: 


Separated by organic insulation Curve D 
Separated by inorganic insulation... Curve E 
Separated by air, sharp edged surfaces on 
opposing conducting parts ..... ons 
Separated by air, rounded surfaces on , 
opposing conducting parts ..... ..Curve C 


AC Voltages: (Use the peak voltage for 

design purposes) 
Separated by organic insulation .......... Curve D 
Separated by inorganic insulation ..........Curve E 
Separated by air with sharp edged surfaces on 


opposing conducting parts ............. Curve A 
Separated by air with rounded surfaces on 

opposing conducting parts .............. Curve C 
Pulse Voltages: (one microsecond duration) 
Separated by organic insulation .......... Curve D 
Separated by inorganic insulation ......... Curve F 
Separated by air with sharp edged surfaces 

on opposing conducting parts ........... Curve B 
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Separated by air with rounded surfaces 


on opposing conducting parts........... Curve C 
Radius of curvature of conductor less than !/, the 
air spacing: 
Multiply data of curve A by the factor found from 
Equation 1. 


Other than sea level pressures: 
Multiply the data obtained from the curves by the 
ratio of sea level pressure to the working pressure. 


Other than one microsecond pulses: 

Separated by inorganic insulation—divide data of 
curve E£ by the impulse ratio as found from Equa- 
tion 3. 

Separated by air—divide data of curve B by the 
impulse ratio as found in Equation 2. 





DESIGNED FOR HEAVY MOUNTAIN SERVICE, the mil- 
lion-pound electric locomotive which the General Elec- 
tric Co. built recently for the Virginian railway em- 
ploys motor generators to convert the 11,000-volt 
25-cycle a-c current from the overhead wires to direct 
current suitable for operating the sixteen d-c series- 
wound traction motors. One of the largest and most 
powerful ever built, the new locomotive has a con- 
tinuous rating of 6800 horsepower at the rail and 
162,000-lb tractive effort at speeds as low as 1534 
mph. Top speed is 50 mph. 
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New Principle Employed in Gear \i 


MPLOYING a new type gaging element known 

as a master worm section, the machine shown at 

the top of the opposite page checks all types 
of spur and helical gears. The master worm sec- 
tion is based on the same mathematical principles 
as a hob, Fig. 1, and is ground to extremely close 
tolerances. . 

The machine itself, a development of the Eastman 
Kodak Company, is of the variable-center-distance 
type in which the master worm section is traversed 
longitudinally in engagement with the gear being 
tested, Fig. 2. Errors in the test gear such as de- 
parture from theoretical size, profile error, tooth- 
thickness error, tooth-spacing error, and eccentricity 
or runout are manifested as variations in the center 
distance. An electronic pickup records these varia- 
tions on a moving chart providing a record of the 
composite error on the gear. From this chart indi- 
vidual errors may be evaluated. 

In designing machines to make use of the concept 
of the worm section, two major problems were en- 
countered. First, it was necessary to insure that 
the worm section travel in a straight line. Second, 
the inertia of the work table had to be such that its 
sensitivity approximated that of the electronic pick- 
up. 

First of these problems was met by mounting 
two hard-faced vertical rails to form a V-way in 
which the carriage holding the master worm section 
rides against recirculating ball bearings. One of these 
rails is indicated in Fig. 3. These rails are of lami- 
nated construction with a front surface of high- 
carbon steel hardened to Rockwell C 67. A massive, 


Fig. 1—Diagram demonstrates that master worm section is 
based on same mathematical principles as a hob 

















box-type casting supports them, insuring rigidity, 

Each rail, in effect, defines a plane and the inter. 
section of two planes is, by definition, a straight line, 
The worm section is traversed in a line parallel to the 
line formed by these planes. 

A spring-loaded, recirculating ball-bearing bushing, 
Fig. 3, moving up and down a vertical rod between 
the rails, acts as a retainer to hold the carriage firmly 
against the V-way. The floating action of this bush- 
ing eliminates any tendency to impart direction to 


the travel of the carriage. The position of this bush- f 


Fig. 2—Cutaway section of machine showing how the 
master worm section is traversed longitudinally in engage- 
ment with the gear being tested 
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ring Machine 


dity. | ing, and the position at which the driv- 
nter- } ing chains are attached to the carriage, 
line. } nave been selected so that the load on 
the | the bearing surfaces is equalized. 

; Two chains, passing over a sprocket 
ng, ¥ at the top of the instrument, connect 
vee § this carriage to a counterweight, Fig. 2. 
mmily A 1/20-horsepower synchronous gear- 
ush- § motor, driving through an overload-re- 
n to § lease clutch, is used to drive the master 
ush- | worm section at a speed of 2 inches 
per second. This enables the operator 
the | % check a gear of 814-inches pitch 
diameter—the maximum capacity of 
this machine—in 13 seconds. A cycle 
switch automatically stops the worm 
section when it has traveled the distance 
necessary to effect a complete revolution 
of the gear under test. 


age- 





Table Rides on Balls 


In designing the work table, Fig. 4, 
maximum sensitivity was assured by 
mounting the carriage on 64 selected 
balls. Half of these move in a double 
vee on one side of the carriage while 
those on the opposite side are mounted 
on a vee and a flat. This eliminates 
the need of parallel vees at each side of 
9 the table. 
| ©All raceways are of similar construc: | 

tion to that of the vertical rails, em- 
@} ploying a hardened steel face fused to 

3 & mounting of mild steel. Inertia is 
Such that the carriage responds to 40 cycles per 
second for 0.001-inch of travel. This results in the 
exploration of numerous points on all tooth profiles. 

Electronic equipment used to measure center dis- 
tance variation is made by the Brush Development 
Company and consists of three principal parts: An 
induction pickup, Fig. 4, located at the front of the 
Work table; a displacement amplifier, mounted in 
the top right of the cabinet; and a direct-inking re- 
corder, located at the top front of the instrument 
behind a glass pane. Lateral movement of the car- 
Triage as the gear is rotated against the master worm 
section is transmitted to the feeler arm of the pickup 
head, producing a signal which is amplified and re- 
corded. 

The pickup head is essentially a differential trans- 








Fig. 3—Right—Master worm section carriage rides on verti- 
tal V-ways and spring-loaded ball-bearing bushings 
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former in which the center coil moves between two 
fixed coils wound so that their fields oppose. When 
the movable coil is exactly centered between the 
fixed coils, the resultant emf is zero. However, when 
the movable coil is nearer to one end than the other, 
the unbalance produces a voltage. 

Output from the movable coil is rectified in such 
a way that the direction of displacement from cen- 
ter, as well as its magnitude, can be determined. 
This demodulated signal is further amplified and re- 
corded on the paper tape. An impressive feature 
of the instrument is that tape after tape can be made 
of the same gear and any one exactly superimposed 
over another, since both the recorder and the master 
worm section are driven synchronously. 

Sensitivity of the recorder is such that mechanical 
magnifications up to 800X can be used. This cor- 
responds to approximately 0.00005-inch per chart di- 
vision. A knob on the front of the instrument per- 
mits the use of selective magnifications of 100X, 
200X, 400X, or 800X. In addition, three tape speeds 
are available. When inspecting between overall toler- 


Fig. 4—Section through work table carriage showing balls 
on which table rides and feeler which senses changes in 
center distance of gear and master worm section 


ance limits a low tape speed is desirable so that rup. 
out is clearly separated from tooth to tooth flicker, 
For close analysis of individual tooth errors, the 
faster tape speeds are helpful. 

Another feature of the work carriage is a built-in 
cross-traverse slide which permits a gear to be tray. 
ersed at right angles to the master worm section, 
Since this worm section, unlike a rack, is a part of 
a helicoid and has curvature in the transverse plane, 
any taper which exists in the gear is recorded when 
the gear face is explored in this way. Amount of 
cross travel is measured by a scale and handwheel 
with a dial graduated in thousandths of an inch. This 
feature also allows the crowning of a gear to be} 
checked in the same manner as taper after the face 
of the gear has first been explored to find the high 
point of the crown. Moving a gear a known distance 
and noting the new indicator reading provides data 
for simple calculation to determine amount of crown. 

Also built into the work carriage is an accurate 
sector, on which the work centers are mounted. 
This is revolved by a worm and worm gear operated 
by a handwheel and permits rapid positioning of the 
work gear axis to any helix angle up to 45 degrees 
either hand. 
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HEN angular oscillation is applied to a load 

through a sector gear and pinion, Fig. 1, back- 

lash between the mating teeth may cause a 
disturbing periodic impact sound. If this does not. 
occur when the gears are new, it certainly will as 
wear occurs. 

When backlash is present, impacting may occur at 
several points—at or near the center and ends of 
strokes. It will be shown that if the inertia is small 
compared to the rest of the load, which is true for 
constant friction and friction proportional to veloc- 
ity, the sector pivot may be so located as to prevent 
the undesirable “clicking” of the teeth as the pitch 
line forces reverse direction. 

When the pinion shaft carries a load which is 
mainly dynamic, it will be difficult to eliminate im- 


Offset Pivot Reduces 


Sector Gear Noise 


By Herbert F. Bariffi 


Engineer 


New Haven, Conn. 


pacting near the center of the stroke, should back- 
lash be present. The graph, Fig. 2, shows the phase 
relationships when the load is composed of three 
forces—constant friction, velocity load, and inertia 
forces. The latter two will be seen to be in quadra- 
ture if the movement is simple harmonic, or nearly so. 
The constant friction may be viewed simply as add- 
ing to the velocity load amplitude. These forces com- 
bine vectorially, and the resultant may be shown by 
graphical addition. Fig. 2 represents only a hypo- 
thetical case. Should the composite curve lie wholly 
on one side of the base line during one stroke, there 
should be no reversal of forces except at the ends, 
and consequently no impacting even where there is 
tooth clearance. At each end of the stroke the fric- 
tion and velocity forces reverse, but backlash can be 





Fig. 1—Right—Eccentrically-pivoted 

sector gear makes possible zero 

backlash at ends of stroke and 
slight backlash elsewhere 


Pinion pitch circle 


a 
| 
Fig. 2—Below—Combined load on | 
sector gear will not reverse direc- 


tion during stroke if inertia is small 
relative to the rest of the load 
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eliminated at those points in the following manner. 

If the sector pivot is located out of coincidence with 
the center of the tooth pitch circle, it will be pos- 
sible to mesh the sector and the pinion with no back- 
lash at either end of the stroke, and with a slight but 
definite amount elsewhere. In this way the effect of 
inaccuracies in the gear teeth may be so handled that 
clearance will not occur at the ends of the stroke, 
nor will mashing of the teeth take place elsewhere, 
an important consideration when readjustment after 
wear is necessary. A lesser degree of tooth accuracy 
may also be tolerated than would be the case where 
axis of oscillation and pitch line center coincided. Sep- 
aration will not affect the conjugate action of the 
teeth when involute tooth form is used. 


Locating the Pivot Point 


In Fig. 1 the pivot or center of oscillation is lo- 
cated at a distance, or eccentricity, e from the center 
of the pitch circle. As shown for a spur sector, the 
pivot is located between the pitch circle center and 
the teeth; for an internal sector these two points ex- 
change locations, Fig. 3. 

The angle @ is one-half the total angular displace- 
ment of the sector; R and r are the pitch radii, re- 
spectively, of the sector and pinion; and C is the 
clearance between the pitch lines at the center of the 
stroke. It is selected at will and is always a minute 
quantity, but generally larger than the greatest tooth, 
or pitch-line, error expected. Given the foregoing 
quantities, the problem is to determine the value of e, 
the eccentricity. 


Spur-GEAR SECTOR: Referring to Fig. 1, which 
shows a spur-gear sector, a line is drawn joining the 
center of the sector pitch circle at the end of the 
stroke and the center of the pinion pitch circle. In- 
asmuch as there is to be no backlash at the ends of 
the stroke, the pitch circle will touch on this line, and 
the following equation can be written: 


Fig. 3—Eccentrically-pivoted internal sector gear may also 
be designed with controlled backlash 
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(R + r) cosa = R+C+r-—e+t e cose 


or 


C— (R+ 1) (cosa — 1) 


 — lee Tae ae eee 
1 — cos@ (2) 





Also, (R + r) sin a = e sing, from which 





Cosa = 





Riv ded eee (2) 


The positive sign is used before the radical because , 
will be in the first quadrant. Substituting Equation 2 
into Equation 1, 





6 ae tt Se -Ver = oo ; 
pee ee 





Because C is usually small compared to 7 or R (a few 
mils at most), e is also small and e? becomes neg- 
ligible. Hence 


> ; (4) 
er, nn tte hve rere en wae oh 


- showing the rather remarkable result that e is vir- 


tually independent of the gear sizes. 

It should be noted that, since cos 0° = 1, reason- 
able angular strokes only can be considered. For ex- 
ample, for a total angular movement of 10° (6 = 5°), 
e = 263 C—a rather large ratio. However, in such a 
case the tooth error would probably be extremely 
small and C would be chosen small accordingly. 


INTERNAL-GEAR SECTOR: With an internal-gear sec- 
tor, Fig. 3, similar analysis gives the following varia- 
tion of Equation 3: 





R—r—C— vV(R —1r)? — & sin?g 
C—O... (3a) 
cosg — 1 





Making the approximation (e sing)? = 0, 


6 et ete ee rete Pees keane 7 oe ee 


1—cosg 


which is the same result as for a spur-gear sector. 


INCREASE IN BACKLASH: If adjustment of sector 
and pinion is properly made, there will be zero back- 
lash at the ends of the stroke, and the separation be 
tween pitch lines at the center will be C. If the tooth 
errors are zero, the circumferential backlash in this 
vicinity may be found as follows: 

If B = normal backlash between teeth and B, = 
circumferential backlash, then B = B, cos ¢, where 6 
is the pressure angle. Letting dC denote the change 
in center distance between the gear and pinion 

(Concluded on Page 196) 
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Part XXXIV-Honing and Lapping 


i mete classed as refined grinding operations, roughest satisfactory surface finish with a subsequent 


the methods of processing commonly known as operation to attain the desired surface quality and 

honing and lapping logically follow production geometrical accuracy. 
grinding in the sequence of production methods classed Type and quality of surface finish produced by the 
in order of increasing smoothness of surface finish. basic metal-removal methods is for the most part in- 
Although surface finish quality possible with finish cidental. With the honing process, however, type and 
grinding operations edges into the zone covered by quality of surface finish is the primary purpose of the 
honing and lapping, to demand the absolute minimum process although, where necessary, material removal 
is usually not the economical answer in production. on the order of that possible with grinding can he 
Because of the reduced speed in grinding, extremely had but of course at a sacrifice in finish quality. 
light metal removal and special attention required to Lapping, on the other hand, distinctly is not a metal 
obtain the finest surface finish, economy dictates the removal process, stock removal in production never 


use of maximum speed in production grinding and exceeding 0.0005-inch. Most important is the fact 
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that, beginning with honing, the major factor which 
places these processes among the necessary produc- 
tion methods is their ability to correct the geometrical 
surface inaccuracies and inconsistencies normally left 
by metal-removal operations. 

Need for maximum possible geometrical accuracy 
and quality of surface finish is most acute with de- 
signs requiring extremely precise interchangeable fits, 
bearing fits where run-in and wear are to be mini- 
mized, pressure fits where seals are impractical, etc. 
The major portion of these requirements fall into 































Fig. 1—Left—Group of precision machine 
parts with surfaces finished by Microhoning 


Fo] 


the realm of cylindrical or flat surfaces, 
and honing is now widely employed to 
produce such accurate internal and ex- 
ternal cylindrical surfaces, Fig. 1. Me. 
chanical or machine lapping is primar- 
ily suited for refining surface finish on 
external or internal cylindrical and flat 
surfaces, Fig. 2. In addition, by means 
of semimechanical lapping a variety of 
surfaces such as_ external tapers, 
shouldered parts, spherical internal and 
external surfaces, etc., can be finished, 


HONING: Principal difference between 
honing and grinding is that, in honing, 
the abrasive stones have a large area of 
surface contact while in regular grind- 
ing a narrow-line contact is employed. 
Like grinding, honing is usually per- 
formed by rotation of the abrasive 
stones but a long traversing motion is 
used providing a pattern of scratches with much 
greater lead. The finish developed in honing is a re- 
sult of reciprocation of the rotating honing tool with- 
in a bore or reciprocation of the rotating work with- 
in the honing head, this reversal of motion develop- 
ing a cross-hatch finishing effect which helps elimi- 
nate the greater portion of pattern defects left by 
previous production operations. Actually, modern 
honing techniques will provide practically any kind 
of controlled surface roughness, including the lay of 
the scratch’ pattern. Thus over and above the con- 
ventional cross-hatch pattern, multi- 
directional or random patterns and co- 
directional patterns can be obtained. 

Developed in the early 1920’s because’ 
of the necessity for better finish and 
more accurate dimensional control of au- 
tomotive cylinder bores, honing has now 
become a rapid, accurate, repetitive pro- 
duction method. Capable of removing 
high spots, correcting out-of-roundness 
and taper, honing also generates fine 
surface finish much faster than with 
reaming or grinding. Honing does not, 
however, establish the position or align- 
ment of a hole, bore or diameter. Little 
or no improvement insofar as align- 
ment or location are concerned can be 
expected as the tool tends to follow 
the neutral axis of the bore or diameter 
and the preceding operations must es- 
tablish this axis as accurately as is re- 
quired. Although up to as much 4s 
0.090-inch of stock can be removed in 
honing, stock removal should preferably 


Fig. 2—Left—Variety of parts on which sur- 
faces have been finished by centerless 
lapping with loose abrasives 
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Fig. 3—Model 710-2 Hydrohoner equipped with the Micro- 
size air control and automatic indexing table and fixture 
for honing automotive connecting rods 


be small as possible for maximum economy. 

The honing tool generally floats or moves slightly 
with relation to its driver and has a body which car- 
ries several relatively long and narrow abrasive 
stones. Stones are mounted in metal holders carried 
in shoes which have free axial movement within cer- 
tain limits and are arranged to be expanded or con- 
tracted radially by one of several methods. For large 


Fig. 4—Below—Barnesdril No. 5 horizontal hydraulic hon- 
ing machine finishing a 4.750-inch gun bore 21 feet long 
to within 0.0007-inch for roundness and straightness with 
a stock removal of 0.015 to 0.020-inch per minute 
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Fig. 5—Above—Large locomotive diesel-engine cylinder 
liners being finish honed on a vertical machine 


production work, full automatic hydraulically actuat- 
ed hones are used with vertical machines, Fig. 3. For 
machines not equipped for hydraulic actuation of the 
tool, mechanically actuated 3-finger automatic hones 
are used. For limited production the so-called brake 
type hone is used, expansion and contraction of the 
abrasive sticks being accomplished manually. 

Where extremely long parts are to be honed, hori- 
zontal machines, Fig. 4, normally are employed, which 
require special hones with fiber support guides to 
carry the weight of the tool and prevent marring of 
the finish on entrance to or retraction from the worl:. 
For external honing the work normally rotates be- 
tween centers and reciprocates on a carriage while 
the hone is mounted in a fixed position near the cen- 
ter of the machine bed. 

A variety of standard and special honing machines 
are available in either the vertical or the horizontal 
models. Verticals are used on work up to 6 or 7 feet 
in length and up to 30 inches in diameter, Fig. 5. 
Largest vertical built has a stroke of 8 feet and is ca- 
pable of finishing diameters up to 30 inches by 99 
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inches long. Horizontal machines, in single and 
double-spindle models, are used mainly for finishing 
gun bores, cylinders, long tubes, etc., in diameters up 
to 50 inches and lengths up to 70 feet, Fig. 4, Ex- 
ternal work also can be honed, in diameters up to 6 
inches or more and lengths from 2 inches to 12 feet, 
Fig. 6. Special mass-production machines also include 
a variety of multiple spindle models in. both straight 
and angular setups, Fig. 7. 

Honing speeds for cast iron range from 200 to 250 
surface feet per minute in rotation and 50 to 75 feet 
per minute in reciprocation. Rotary speeds for steel 
range from 150 to 200 sfpm and reciprocation about 
50 fpm. Bore size, character of material, stock to 
be removed, and finish desired sets the actual com- 
bination of speeds selected. Production speeds are 
high and crankshaft bearing holes in connecting rods, 
for instance, are finished four at a time at a rate of 
300 per hour, while V-type 8-cylinder motor blocks 
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are finished at an average of 90 blocks or 720 cyl- ripl 
inders per hour. Diesel engine cylinders 12.75 inches |fnist 
in diameter by 44 inches in length are completed jp |gutot 
approximately 5 minutes floor-to-floor with a stock tion : 
removal of 0.006 to 0.008-inch. houl 
LAPPING: Straight-line honing or lapping with solig jamet' 
abrasive stones is often desirable following the nor.} Us 
mal honing procedure to remove the cross-hatch pat. solid 
tern and produce an even finer lapping-stone finish erles 
with all scratch pattern codirectional with the opera. [gine 
tion of the mating part over the surface, Fig. 8 fing v 
Solid abrasive sticks of somewhat wider face than face ' 
regulation honing stones are used and a nonuniform |yith 
indexing mechanism guarantees that the stones will 00-g 
not trace more than once in the same path. Since }jpari 
this lapping removes only an infinitesimal amount of hp Ja 
stock, a honing operation must precede it to correct |gort 
and perfect the geometry of the part. inche 
Where desirable, cast iron or other charged laps 
can be substituted for the hon- 
ing tool to obtain a velvet finish, 
Hand lapping with  abrasivef} 
charged laps of soft metal, of Fi 


Fig. 6—Left—Piston rods 1% and 4% 
inches in diameter by 8 feet long 
honed within 0.0001-inch to 0.0002. 
inch for diameter and straightness, 

and external honing tools ba 






| 


course, is well known but is ex 
tremely slow and poorly suited 
for economical interchangeable 
manufacture. Mechanical or ma- 
chine lapping offers a degree of % to 
refinement over surface finish pro- Fo 
duced in ordinary honing opera- 
tions and can be applied to bores, siod 
cylindrical surfaces and flat sur- 
faces. 

For production lapping a variety 
of machines are available which 
use charged laps, bonded-abrasive 
laps, and abrasive coated papers. 
Vertical-spindle machines with 
parallel flat charged cast-iron laps 
will handle flat parts up to 4 inches | DE 
thick and 9 inches in longest di- |*d 
mension or cylindrical work up eters 
to 4 inches in diameter by 9 inches | ‘ion 
long. Centerless lapping machines |lengt 
are available which employ 4 |the ¢ 
charged lapping roll and. a control hone 
roll both of which are driven, the jing 
charged roll normally being the |the x 
faster. Where desirable, dual oF jinw 


Fig. 7 — Left — Hydraulically operated 
special duplex automatic engine-block 
honer for mass production to el 
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0 cyl tt ipnle-roll machines, Fig. 9, can be used to rough and 
ncheg finish lap parts with one handling. Either manual or 
ed in automatic feeds can be used, depending upon produc- 
stock ition requirements, for lapping cylindrical, tapered or 

‘ehouldered parts from 0.030-inch to 10 inches in di- 
solid ameter, Fig. 2. Contoured parts require special rolls. 
. nor-| Using the through-feed centerless principle and a 
| pat: Igolid bonded-abrasive wheel much the same as in cen- 
finish Herless grinding, continuous mechanical lapping is ob- 
pera-Htained. On these machines both lapping and regulat- 
9. 8.4ing wheels are 14 inches in diameter by 22 inches in 
than Hace width. Regular or grind-lapping is usually done 
form fwith a 180-grain wheel and the finest lapping with a 
; will is00-grain. Where through feeding is used, only cy- 
Since fiindrical parts can be handled. Shouldered parts can 
nt of fie lapped by in-feed but at lower production rates. 
rrect jshort parts, 14-inch to 6-inch diameters by up to 15 
inches in length, can be handled and long parts from 
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% to 3 inches in diameter up to 15 feet in length. 
) Following a relatively smooth grind of less than 20 
microinches, lapping with abrasive coated paper will 
produce surface improvement. However, little cor- 
rection of surface irregularities or dimensional in- 
‘ety accuracies can be made. A bright polished finish can 
hich be effected on a variety of parts with contours which 
ive defy the use of previously mentioned methods. In- 
ere. ternal contours of ball races, etc., are often lapped by 
vith this method and the part is chucked on a rotating 
laps mandrel, the lap being manipulated by hand. 
ches | DESIGN: Honing, in general, should not be consid- 
_ di- }fed for diameters under 14-inch. Maximum diam- 
up |¢ers feasible have been outlined previously in rela- 
ches |tion to each type machine. In small-diameter parts, 
ines jlength of bore is limited to approximately 20 times 
y a|the diameter. Bores over 54-inch, however, may be 
trol |honed to any practicable length. The primary limit- 
the |itg factor in the length of large-diameter parts is 
the |the machine tooling and handling equipment. Work 
| or jit which the length of hole is less than the diameter 


honed in multiple, Fig. 10. 

For most economical honing, the roughing opera- 
ated tion—drilling, boring, reaming, etc.—should remove 
lock |*he bulk of the stock leaving only sufficient material 
© clean up and correct inaccuracies. As a general 
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Wually requires piloting and such parts are often 


rule, about twice as much stock should be left for 
honing as there is error present. For instance, slush 
pump liners from 60 to 64 Rockwell C showing 0.040- 
inch to 0.050-inch out-of-roundness from heat treat- 
ing, have 0.080-inch of stock removed in honing to 
size. Thus economical stock removal can range from 
0.002-inch to 0.090-inch on diameters over 2 inches 
while below 2 inches the range is from 0.005-inch to 
0.020-inch. On parts processed for finish only or 
where the cost of accuracy on the preceding opera- 
tion is low, the honing allowance can be from 0.001- 
inch to 0.004-inch to minimize honing time. How- 
ever, if close tolerances on the preliminary operation 
are expensive, it will be cheaper to remove from 
0.010 to 0.030-inch in honing. As an example, long 
tubes as received from the mill can have 0.040 to 
0.075-inch of stock honed out faster than they can he 
bored close to size and finish honed. Again, on cast 





Fig. 8—Above—Barnesdril No. 5-L external straight-line 
lapper finishing 3.350-inch recoil piston rods 57 inches long 


Fig. 9—Below—Dual-roll centerless lapping machine for 
both rough and finish lapping operations 
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or forged cylinders where diameter tolerance is fairly 
liberal it has been found advantageous to bore with 
a round-nose tool at a feed of about 0.50-inch so as to 
leave high ridges of about 0.010-inch because these 
can be honed down to a geometrically true bore sur- 
face with extreme rapidity. For very fine finish, 
though, rough and finish operations are necessary if 
stock removal is great. Precise bores such as for mo- 
tor blocks should be fine bored prior to honing, leav- 
ing 0.003 to 0.006-inch of stock to straighten and 
clean up the bore. 

Many complications such as bosses, struts, ports, 
slots at the end of a bore, oil grooves, keyways, 
shoulders, blind bores, etc., are unavoidable in design 
and serve to prevent the accomplishment of closest 
accuracy in honing but, as a rule, can be handled sat- 


j i. 
Be 


5 


\ 
¢ & 










Fig. 10—Above—Three-spindle Hydrohoner adapted to 
hone ball-bearing cone followers progressively. Parts are 
mounted 10 to a shuttle 


Fig. 11—Below—Motor armature spider with stepped, 


honed bores showing honing clearance at blind end 








isfactorily. With blind-end bores, as in grinding, it 
is good practice to provide .a slight undercut or 
cess at the bottom at least a few thousandths large 
than the finished bore, Fig. 11, and about ¥ to 14,-ineh 
in length. On interrupted surfaces, alignment wil 
be maintained and bore will be straight but some over. 
cutting will be present at the edges of the reliefs, 
On relatively soft parts containing keyways, oil 
grooves, etc., honing usually is done prior to cutting 
the keyways or oil grooves whereas, on hardened 
parts, the job can be honed after these features have 
been added by using a special tool arranged so that 
the stone carriers ride over the relieved portions. 
For lapped parts, restrictions on size and shape 
have been generally outlined in the preceding dis- 
cussion and practical design must naturally observe 
such limitations. For most efficient lapping in pro- 
duction, a minimum amount of stock should be left 
for finishing. Stock allowance should never be more 
than 0.0005-inch, preferably not over 0.0002-inch for 


rough lapping or 0.0001-inch for finish lapping from} } 


a rough-lapped surface. The preliminary processing 
operation should either be grinding or honing to pro- 
vide the geometrical and orientation accuracy desired, 


MATERIALS: All ferrous materials as well as many 
nonferrous materials such as bronze, brass, and sil- 
ver can be honed satisfactorily. Also nonmetallics 
such as glass and certain ceramics can also be proc- 
essed. Quality of honed finish obtainable with the 
softer materials is somewhat inferior to that pos- 
sible with the harder ones. 

Lapping with loose abrasives as a rule is some- 
what unsatisfactory for finishing the relatively softer 
materials. The tendency is for the abrasive to charge 
or embed itself in the surface of the part being 
lapped. Also, there is a tendency to remove more of 
the softer portions of a surface than the harder with 
materials such as cast iron. This is also true with 
abrasive-coated paper lapping. With bonded-abra- 
sive lapping, however, these tendencies are not pres- 
ent. For best results with lapping, materials in the 
harder ranges should be specified. 


TOLERANCES: Reproducible, uniform accuracy iD 
most modern honing applications on diameters over 
4 inches can be held within 0.0005 to 0.001-inch total 
variation for roundness and straightness; on diam- 
eters from 4 inches down to 1-inch this can be 0.0003 
to 0.0005-inch; and on bores below 1-inch it is usual- 
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ly within 0.0001-inch to 0.0003-inch, Fig. 12. In pro- 
duction runs on Microhoning machines fitted with au- 
matic Microsizing equipment, diameters under 2 
inches can be held to less than 0.0003-inch total varia- 
tion and over 2 inches to less than 0.0005-inch. In 
general, tolerances of plus or minus 0.0001-inch to 
0,00025-inch are commonly attained and on certain 
jobs where the maximum in accuracy is necessary, 
diameters can be held within a total variation of 
0,000025-inch but, at some sacrifice in production. 

Parts with ports, interruptions or unequal sur- 
faces are difficult to hold to close tolerances, ac- 
curacy usually being about 0.001-inch generally al- 
though, on occasion, a tolerance as close as 0.0003- 
inch has been held. Designs of this nature and blind 
holes without relief should be avoided where toler- 
ances must be held closer than 0.0005-inch. 

Straight-line honed or lapped piston rods and sim- 
ilar parts can be.held to like tolerances, 8-foot rods, 
for example, being finished to within 0.0001 to 0.0002- 
inch for roundness and taper, Fig. 6. In lapping 
small parts by the centerless method size accuracy 
can be held to a total variation of 0.00005-inch on 
diameter and 0.000025-inch on straightness. Preced- 
ing lapping the parts should be ground to a good 
commercial finish, sized within about 0.00025-inch, 
and held as round as desired in the finished job. Lap- 
grind, a finish between lapping and grinding, is ob- 
tained in one operation with a maximum stock re- 
moval of 0.0005-inch and surface finish of 4 to 6 
microinches. After the lap-grind operation, surface 
fnish may be improved to 2 to 3 microinches with a 
maximum stock removal of 0.0001-inch using the 500- 
grit wheel. Finest finish of about 2 microinches can 
be obtained in a third operation. 

As mentioned previously, the surface quality ob- 
tainable in honing can be held as required by the 
particular design application with a few limitations 
a8 to materials. In hard steel the surface finish at- 
tainable will range from 20 to as low as 1 microinch. 
In bearings with a hardness of 60 Rockwell C, remov- 
ing from 0.006 to 0.014-inch of stock, finish may be 
held as low as 2 microinches in production. This ac- 
tifacy requires a two or three-step honing operation, 
er, since the same abrasive that will remove 
stoek will not produce the finest finish. In lapping, 
Mifface finishes under 2 microinches can be attained 
Where necessary and measurements show a low limit 
0 about 0.5-microinch. In cast iron, soft steel or 
bronze, honed finish obtainable may run from 80 to 
about 3 microinches, 5 to 10 being average. Fine- 
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ness of finish with cast iron is limited mainly by the 
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Fig. 12—Above—Large connecting rod showing honing 
tolerances held in production, and surface finish specified 


Fig. 13—Below—Group of honed hydraulic cylinders show- 
ing typical scratch pattern 





grain structure of the material. With aluminum, a 
finish of about 15 microinches can be produced. 

Judicious selection of surface finish for honing will 
afford considerable economy in production and also 
provide the most desirable surface functionally. For 
accurate pressure-lubricated bearings, fluid seals, etc., 
the most desirable surface finish is the smoothest 
possible, say from 1 to 5 microinches. Cylinder walls 
or other surfaces which are regularly wiped by an- 
other part will require quicker, faster wetting by a 
lubricant, and perhaps good heat dissipation in addi- 
tion, which is afforded best by somewhat rougher 
surfaces, say 5 to 30 or more microinches, with the 
most desirable scratch pattern. A cylinder using 
leather or O-ring packings would indicate a finish 
from 10 to 15 microinches with a regular cross-hatch 
pattern, Fig. 13. Again, where a codirectional finish 
or surface with.a minimum of pattern is indicated, 
lapping can be employed to advantage. 

Collaboration of the following organizations in the 

preparation of this article is acknowledged with much 
appreciation: 
Barnes Drill Co. (Figs. 4, 6, 7, 8, and 13)...Rockford, Il. 
Cincinnati Grinders Inc. ............. .Cincinnati, Ohio 
C. Allen Fulmer Co. (Figs. 5, 11, and 12) Cincinnati, Ohio 
Micromatic Hone Corp. (Figs. 1, 3, 10)... .Detroit, Mich. 
Size Control Co. Div. American Gage & Machine Co. 


EE gs shac ws 8 oc ee wipe ee Chicago, Ill. 
Sunnen Products Co. St. Louis, Mo. 
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Choosing a D-C 





Fig. 1—Adjustable-speed spin. 
dle drive for this Monarch 
lathe is obtained from a d- 
motor and a specially de. 
signed electronic rectifier 
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Power Source 


By L. W. Herchenroeder 
Industry Engineering Department 
Westinghouse Electric Corp. 
East Pittsburgh, Pa. 


OTORS, solenoids, magnetic chucks, clutches, 
and brakes often require direct-current power 
to perform their specified tasks. Because 

electric power is usually 
provided in the form of al- 
ternating current, some 
form of conversion 
equipment is required. 
Choosing the best type oi 
conversion unit for a par- 
ticular application involves 
careful consideration of 
many factors such as 
original cost, space _ re- 
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Proper choice of conversion equipment is not 
always apparent when direct-current electric 
power is required for machine drives and 
components. The three commonly used types 
are discussed in a comparative manner in this 
abstract of the author's paper for the Ma- 
chine Tool Forum recently held at Westing- 
house Electric Corp. Buffalo plant 


quired, maintenance involved, and voltage regulation. 
For adjustable-speed d-c drives, additional factors 
of speed range, speed regulation and motor size art 
involved. 

Three forms of conver 
sion equipment are normal: 
ly used for machines. Thej 
are the metallic rectifier 
which may be of the cop 
per-oxide or selenium typé 
the electronic rectifier até 
the motor-generator sé 
Each has certain advair 
tages and sometimes ther 
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js some confusion as to the proper one to use for a 
given application. The problem may be simplified 
somewhat by breaking it up into two parts, the first 
concerning a general source of direct-current power 
for solenoids, etc., and the second involving d-c ad- 
justable-speed drives, Fig. 1. 

First concern, then, is a simple source of d-c power 
at constant voltage. Fig. 2 shows comparative prices 
of the three forms of rectifiers, based on 230-volt d-c 
power supply and plotted: against kw output. The 
metallic rectifier is lowest below 14-kw and between 
6% to 15 kw. The electronic rectifier is lowest from 
¥% to 644 kw. Above 15 kw the motor-generator set 
has the advantage. It should be noted that these 
comparisons are only for 230-volt supply. For other 
voltages the following factors affect the price of 
equipment. 

Cost of the transformer of an electronic rectifier 
is relatively independent of the voltage output, that 
of the tubes is determined by the current required. 
Assuming a certain kw output, if the d-c voltage is 
halved, tubes of twice the current rating will be re- 
quired. Thus, for a given kw output, the electronic 
rectifier becomes more expensive as the output volt- 
age is reduced. 

Motor-generator sets are the same in price for 125 
or 250 volts in the kw ratings shown in Fig. 2. Be- 
low 125 volts the higher current required will in- 
crease the cost of the commutator and armature, re- 
sulting in increased price per kw winding for the mo- 
tor-generator set. 

Metallic rectifiers, however, are flexible with respect 
to output voltage. The transformer can, of course, 
be arranged to give any reasonable output voltage. 
By suitable choice of plates or disks and circuits, a 
wide range of output voltages can be accommodated. 
Thus the price of the metallic rectifier is approxi- 
mately independent of the output voltage. 


Fig. 2—Comparative costs of motor-generator sets, elec- 
tronic rectifiers and metallic rectifiers for supplying 230- 
volt direct-current power 
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Installation costs of metallic and electronic recti- 
fiers are approximately the same because they are 
both static devices and require no special mountings. 
Installation cost of the motor-generator set is higher 
since it is a rotating device and must be mounted on 
a firm foundation. 

From the standpoint of maintenance the metallic 
rectifier has a distinct advantage. The aging taps on 
the transformer may require adjustments for several 
years but, after that, no special maihtenance is re- 
quired. Electronic rectifiers and motor-generator sets 
are about equal from a maintenance standpoint. One 
requires replacement of tubes and the other brush 
and commutator maintenance. Bearing maintenance 
is becoming a minor problem with the improvements 
in bearings and the use of sealed ball bearings in the 
smaller ratings. On the basis of vibration the me- 
tallic and electronic rectifiers are equal while the 
motor-generator is less favorable because of its rotat- 
ing parts. 

Voltage regulation of electronic and metallic recti- 
fiers is about the same being approximately 10 per 
cent for a self-cooled and about 15 per cent for 
a fan-cooled selenium rectifier. Regulation of cop- 
per-oxide rectifiers is somewhat higher being ap- 
proximately 30 per cent for a self-cooled and 15 to 20 
per cent for a fan-cooled unit. Regulation of the 


TABLE I 
General Comparison of D-C Power Supplies 























Motor- 
Electronic Generator 
Metallic Rectifier Rectifier Set 
————<—— = — = a a 4 — 
Lowest except Lowest for Lowest 
Price for cases noted 230 wolts above 
at right % to6kw 15 kw 
“Smallest below | Smallest above ena 
Space Requirement 250 volts 5 kw Largest 
i scncithdessMiiatnsbaiaiamiaiioadsias PLA eS suihenenisienniesia } es 
Installation Cost | 1 1 2 
See ee t — . — 
Maintenance | 1 2 2 
| Bare cbtioinane saat = 4 ar 
Vibration 1 1 2 
Voltage Regulation | =F 2 Fie 
Ease of Voltage 2 2 1 


Adjustment 





In the above tabulations 1 is the most favorable. 


motor-generator set is superior; +3 per cent being 
obtainable by flat compounding at no price increase. 

Voltage adjustment is easily accomplished on the 
motor-generator set by means of a generator field 
rheostat. However, transformer taps must be pro- 
vided to adjust the voltage of the metallic and elec- 
tronic rectifiers. 

Space requirements are, in general, greater for the 
motor-generator set than for either metallic or elec- 
tronic rectifiers. At 250 volts the metallic rectifier 
requires the least space for one kw and below. The 
electronic rectifier is smallest above 6 kw. At volt- 
ages below 250 the metallic rectifier is generally 
smaller. The general considerations discussed for the 
three types of conversion equipment are listed com- 
paratively in TABLE I. 

Adjustable-speed drives represent an important 
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field for d-c power supplies. In line with the forego- 
ing discussion, three forms will be considered; name- 
ly, the metallic-rectifier (Selenium) drive, electronic 
(Mototrol) drive, and the adjustable-voltage (AV) 
drive. In its simplest form the Selenium drive con- 
sists of a transformer, a selenium rectifier, an ad- 
justable-speed d-c motor, an a-c linestarter, and a 
motor-field rheostat. Speed control is obtained en- 
tirely by adjusting the field of the motor. This drive 
is, therefore, best suited for constant-horsepower 
loads. Normally, speed ranges up to 4 to 1 can be 
obtained. 

The Mototrol uses grid-controlled thyratrons to 
supply adjustable voltage to the armature of a d-c 
motor. Thyratrons may also be used to supply the 
field of the motor when part of the speed range is to 
be obtained by motor-field control. Standard speed 
ranges at constant torque by armature-voltage con- 
trol up to 40 to 1 may be had. 

The AV drive is a conventional drive using a motor- 
generator set to supply adjustable voltage to the 
armature of a d-c motor. The standard drive pro- 
vides a speed range up to 8 to 1 by armature volt- 
age control and up to 2 to 1 by motor field control. 


TABLE II compares these drives in several ways. 
The electronic drive is the most expensive for both 
constant-torque and constant-horsepower drives. The 


TABLE II 
D-C Adjustable-Speed Drives 
























































Type of Drive 
Metallic Electronic Adjustable 
Rectifier Rectifier Voltage 
Constant Torque 
Price . . : 
Constant HP 1 2 1 
Speed Range 4tol 40 tol 16 to 1 
Speed Regulation 3 1 2 
Positive Slowdown No No Yes 
Smoothness of Acceleration 3 1 2 
Power Supply 1 1 2 
Vibration 
Motor 2 3 1 
Constant Torque 3 2 1 
Motor Size 
jConstant HP 1 2 1 
Rheostat Size 2 1 2 
Maintenance 1 2 2 
Installation Cost 1 1 2 




















In the above tabulations 1 is the most favorable. 


adjustable-voltage drive is least expensive for con- 
stant-torque drives. The metallic-rectifier and ad- 
justable-voltage drives are approximately equal in 
cost for constant-horsepower drives. 

Speed regulation of the electronic drive is the best 
with the adjustable-voltage second and the metallic 
rectifier third. The adjustable-voltage drive provides 
positive slowdown when changing the speed to a 
lower value in the same direction. This is of impor- 
tance in cycle types of operation. With respect to 
smoothness of motor acceleration, the electronic drive 
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’ vides a simple, maintenance-free drive. 





is best, followed by the adjustable-voltage and metal- 
lic-rectifier drives. 

To compare the drives on the basis of vibration, 
the power supply and control should be considered 
separately from the motor. The metallic rectifier and 
electronic power supplies are most favorable from 
the standpoint of vibration because they are static 
devices. Vibration of the adjustable-voltage drive 
motor is most favorable and the electronic drive mo- 
tor least favorable. The metallic-rectifier and elec- 
tronic drive motors have increased vibration because 
of the pulsating nature of the armature current. 


Comparison of Space Requirements 


The adjustable-voltage drive has an advantage in 
the size of the d-c motor for constant-torque drives 
because a standard frame is used. The metallic-recti- 
fier drive requires a larger motor because the base 
speed of the motor is at the lower end of the speed 
range. The electronic drive uses the standard frame 
size in some cases. However, it is generally neces- 
sary to use the next larger frame size because of the 
added losses caused by the pulsating nature of the 
armature current. For constant-horsepower drives 
both the adjustable-voltage and metallic rectifier 
drives use the standard frame size. The elec- 
tronic drive requires an increase of one and some- 
times two frame sizes because of the greater diffi- 
culty experienced in commutating the pulsating 
armature current. 

The power supply and control space requirements 
are not as consistent as the motor size. The metallic- 
rectifier drive is the smallest except at 1144 and 2 hp 
where the adjustable-voltage drive has the advan- 
tage. The electronic drive is the largest up to 5 hp 
where it equals the adjustable-voltage drive. Above 
5 hp the latter is the largest. The electronic and m:- 
tallic-rectifier drives are approximately the same size 
above 7144 hp. The former has a definite advantage 
in the size of the speed-control rheostat which is 
mounted in the pushbutton station. Both the metal- 
lic-rectifier and adjustable-voltage drives require con- 
ventional motor or generator-field rheostats. 

Selection of the best drive for an application fol- 
lows no set rule. In some cases the drive may be 
picked on a single characteristic. For example, the 
space available for mounting the motor may be lim- 
ited so that only the adjustable-voltage drive can be 
used or a small rheostat may be desired which would 
indicate the use of an electronic drive. In general, 4 
combination of characteristics will determine the 
drive to be used. 

Assuming that a speed range up to 4 to 1 is re 
quired at constant horsepower, a metallic-rectifier 
drive is the logical choice. It is low in price and pro- 
However, if 
constant-torque drives up to 8 to 1 or combinations 
of constant torque and constant horsepower over 
speed ranges up to 16 to 1 are desired, the require 
ments are best served by the adjustable-voltage drive. 
For wide speed ranges or close speed regulation, the 
electronic drive furnishes the most economical answer 
for most applications. 
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OMETHING new has been added in 
the field of mechanism design. Its 
implications reach into the design 

departments of machine building com- 
panies throughout the country. That 
something new is a magnetic-suspension 
bearing which engineers of General 
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Fig. 1—Cutaway view of new watthour meter shows design features 
such as magnetic-suspension bearing and cast-in damping magnets 


Electric have built into the recently an- Fig. 2—Below—Disk shaft is suspended by magnetic field of bearing; 
nounced Model 1-50 watthour meter, axial alignment maintained by guide pin running in graphite bushing 
Fig. 1. 


In the G-E meter, the new bearing is used to suspend or 
“float” in a magnetic field the electromagnetically driven disk 
which measures electric energy. As the cutaway view of Fig. 
2 shows, two cylindrical permanent magnets of the high- 
coercive and machinable material Cunico are placed one with- 
in the other. The outer magnet is fixed to the meter frame 
and the inner magnet is attached to the upper end of the disk 
shaft. These concentric magnets are magnetized axially with 
opposite polarities. The resulting field supports the disk as- 
sembly at a definite, small downward displacement. 

To maintain bearing. alignment, a stainless steel guide 
pin is provided at each end of the shaft. Graphite bushings, 
Figs. 2 and 3, run on these guide pins without lubrication. 
Thus, the only possible cause of mechanical friction and wear 
is the presence of side-thrust forces. 

In conventional meters employing jeweled bearings, bear- 
ing stress due to disk weight is about 200,000 psi. In the new 
meter, bearing stress due to disk weight is completely elim- 
inated. Moreover, the torque-to-weight ratio, long accepted 
as being in the order of 3 or 4 to 1, has been increased to 
infinity. (This comparison in both cases ignores the second- 
ary effects of side thrust.) 

Along with the use of magnetic suspension, the meter 
structure has been arranged to keep side-thrust forces low. 
These forces arise from the action of the electromagnet and 
the damping magnet on the meter disk. In the conventional 
meter, Fig. 4a, the electromagnet is mounted behind the 
frame and disk shaft, and the damping magnet is located at 
the front of the meter. When a torque is created in the disk 
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by a power load, the driving force is equivalent to a 
side thrust at the location of the electromagnet. Mo- 


tion of the disk causes a corresponding side thrust at - 


the damping-magnet position. Total side thrust on 
the disk bearing is equal to the sum of these forces. 

Complete elimination of side thrust would require 
having the electromagnet and damping magnets in 
the same location. In the new meter the large reduc- 
tion in side thrust has been achieved by locating the 
damping magnets closer to the electromagnet than 
has been heretofore possible, Fig. 4b. Side thrust is 
in the order of 100 psi at maximum load. 


Damping Magnets Cast Into Frame 


The two small C-shaped damping magnets, of 
Alnico 5, are cast into the die-cast aluminum-alloy 
frame. Thus, the magnets are surrounded by alu- 
minum, which enhances the excellent surge-resistant 
properties of the magnet material. 

In the 1-50 meter, current coils of the electromag: 
net are formed of bare copper wire. At assembly, 
they are located with the electromagnet core in a 
mold that aligns all parts with proper spacings. 
Butyl rubber is then introduced to the closed mold 
and cured in place. The result is an accurately and 
securely located current coil with the rubber provid- 
ing turn, coil and ground insulation. This is in con- 
trast to the usual practice of using coil wire insulat- 
ed with tape, enamel or Formex. 

For greater insulation strength, reliability and se- 
cure positioning, the layer-wound potential coil, con- 
sisting of many turns of fine wire, is similarly mold- 
ed to the electromagnet core. The molding material 
in this core is a polyethylene plastic of high dielectric 
strength and low moisture absorption. . 

Register of the new meter is furnished as either 
the pointer type, as shown in Fig. 1, or the cyclometer 
type in which the numerals are located on the periph- 
eral surfaces of vertically mounted cylinders. The 
pointer-type register employs a time-proven doubic- 
worm-gear reduction and bearings of stainless-steel 
pins running in aluminum. 

In the cyclometer-type register, partially-turned or 
half-obscured numerals are eliminated by a unique 


magnetic storage and release effect. Two Cunife 
magnets, one fixed to the bearing plate and one to 
the shaft of the first cylinder, repel and attract each 
other during alternating halves of one complete revo. 
lution of the cylinder. The coercive force of Cunife 
snaps the cylinders into position when the moving 
magnet goes over dead magnetic center. 

Corrosion is effectively eliminated in the 1-50 by 
the combination of a molded Textolite base and 4 
stainless steel cover ring, Fig. 1. Another important 
design feature of the meter is the controlled air gap 
between the current-coil leads and the ground pins, 
This gap, which has a break-down level of between 
4000 and 5000 volts, directs overvoltage away from 
the electromagnet to ground. 
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Fig. 3 — Above — Cross _ section 
through disk, shaft and bearing 
assembly. Stainless steel pins run- 
ning in graphite bushings at top 














and bottom require no lubrication 
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Fig. 4—Left—Schematic top views 

of conventional meter (a) and new 

1-50 meter (b) show how new posi- 

tioning of damping magnets éf- 

fectively reduces side thrust on disk 
shaft bearings 
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Analyzing Graphical Records 

















A Practical methods of determining rates of change 
by graphical and numerical differentiation 


By Charles E. Balleisen 
Associate Professor 
of Mechanical Engineering 
Purdue University 
Lafayette, Ind. 
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EVERAL methods exist for securing records of 
the motion of a machine part as a function of 
time. Such curves are extremely useful in in- 
vestigating the timing of the various parts of mech- 
anisms and often reveal previously unsuspected vi- 
brations, bounces, or other anomalies not predicted 
by the designer.1 Whereas the knowledge that these 
variations from theory exist is of great value, it is 
even more important to know the magnitudes of the 
forces induced by these changes of motion.? If the 
forces are sufficiently great, it may be necessary to 
redesign the product in order to avoid premature 
failures. 
Analysis of the records is not often carried to this 
desirable extent, because of the labor in- 
volved in determining acceleration forces 


sive and difficult to procure. As they depend for 
their accuracy upon an adjustment of the index to a 
direction parallel to the slope of the curve, this ac- 
curacy is largely a reflection of the skill of the op- 
erator. 

Common methods of “graphical differentiation” are 
easy to carry out, but do not consistently give reli- 
able results. Unless extremely small intervals are 
used, the assumptions underlying the method are 
liable to introduce appreciable error. Further, the 
second derivative can only be obtained by perform- 
ing two successive differentiations. The curve of the 
first derivative must be obtained first, and subse- 
quent smoothing of this curve introduces personal 





from the time-displacement records. It is 
well known that the acceleration is equal 
to the second derivative of this curve, yet 
considerable practical difficulty may be en- 
countered in performing this operation. A 
few types of instruments to produce me- 
chanically successive derivatives of a curve 
have been developed, but they are expen- 





‘References are listed at end of article. 





Fig. 1—Top—Time-distance curve, showing re- 
lation between slope of tangent PA and the 
rate of change of the curve at two points 














Fig. 2—Right—Graphical differentiation is per- 








ed by measuring the angles of the tan- 
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errors which render the second derivative uncertain. 

The method of Successive Differences gives a nu- 
merical answer with a minimum of calculation. A 
graphical construction, with its subsequent inac- 
curacies, is not required. The only limitation placed 
on the original data is that the curve must be scaled 
or “read” at points separated by equal values of the 
independent variable. As these data are secured by 
measurements from a continuous performance record, 
this requirement is easily met. 

With the foregoing introduction to the various 
types of methods for securing successive differentia- 
tion, each of them will now be discussed in turn. 


STATEMENT OF THE PROBLEM: From a curve such 
as Fig. 1, the derivative at any selected point is equal 
to the tangent of the slope of the curve at that same 
point. Stated mathematically, the derivative of f(t} 
at point P is dy/dx = CA/PC. If PC is always 
chosen of the same length, then AC itself will always 
be proportional to the derivative, and can represent 
it if the proper changes are made in scale values. 


GRAPHICAL DIFFERENTIATION: By applying this 
fundamental definition to a curve, the derivative may 
be determined directly. Fig. 2 shows a space eurve 
of which it is desired to determine the derivatives at 
various instants, namely those indicated by the short 


Fig. 3—Tangent at the midpoint of a small interval is near- 
ly parallel to the chord of the curve 








interval 
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vertical lines. Short lengths of tangents are drawn, 
their angles are measured, and the tangent values 
placed in corresponding positions as shown by the 
lower curve. The difficult part of this construction 
is to determine the actual tangent. There does not 
exist any general method of determining this direc. 
tion except by visual judgment. However, having de. 
termined the direction of the tangent, the value of 
the slope may be readily measured by a protractor 
(which gives arctan dy/dx) or by a protractor grad. 
uated directly in values of the slope rather than of 
the angle. 

Because of the difficulty of thus determining the 
exact direction of the tangent, it is often desired to 
approximate this value by taking the value of a chord 
of the curve instead of a tangent. It is readily seen 
from Fig. 3 that if the curve is continuous in this 
interval, the slope of the chord will be very nearly 
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Fig. 4—Derivative curve is obtained by measurement of 
the slopes of the chords of small arcs 


that of the tangent at the midpoint of the interval. 
If this approximation is accepted as satisfactory, then 
the values of the slope of the chord may be set down 
at the midpoints of the successive intervals and 4 
curve of the derivative secured, Fig. 4. If a second 
or further derivative is to be taken from this curve, 
it is evident that any errors introduced by this ap- 
proximation will be carried over into the subsequent 
steps. If, however, the intervals are kept sufficient: 
ly small, these errors may be kept below other, ac- 
cidental, errors of construction. 

If a continuous differentiation is required rather 
than a construction prepared from point to point, it 
is necessary to employ a differentiating instrument, 
Fig. 5. 

Operation of such a machine is quite simple. If 
the index-line c is kept parallel to the y-function 
curve at all times, point e or a corresponding point 
will trace out the dy/dx curve as the differentiator 
is rolled across the paper. In actual operation, sev- 
eral difficulties present themselves. First, it is nec 
essary to align the instrument absolutely parallel 
with the x-axis of the curve. Such alignment must 
be maintained, as any derangement will result in 4 
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Fig. 5—Mechanical differentiator computes and draws 
velocity curve if index wire is kept parallel to record 


wrong interpretation of the readings. A second dif- 
ficulty occurs in setting the index wire c parallel to 
the tangent of the curve. This is the same difficulty 
that is encountered in the graphical method previous- 
ly described. It is possible that it could in some 
measure be overcome by attaching an additional drive 
to the differentiator so that the index would follow 
the curve as the instrument as a whole progressed 
across the paper. In this fashion, any deviation from 
the proper setting would soon be apparent to the 
operator. However, this feature would involve some 
expense in increased complexity of construction. 

This type of differentiator consists of a frame 
which is placed upon the paper, rolling under the con- 
trol of the operator, in the x-direction, on the rollers 
R. As it progresses across the paper, the operator 
constantly adjusts the direction of the index wire c 
to maintain it parallel to the curve. This angular 
motion is transmitted to wheel w by an elbow mech- 
anism similar to that used on drafting machines. As 
wheel w is rigidly attached to bar d, the latter will 
duplicate the angular position of wire c. 

Bar d is rigidly fastened to wheel w and rotates 
with it. The distance a from the wheel to the frame 
carrying the pointer e is fixed; thus motion of d will 
cause the intersection of d and the support, namely 
point e, to fall above the wheel w at a distance dy/dz, 
which will be equal to a multiplied by the tangent of 
the angle to which c has been turned. A pencil placed 
at e will then continuously trace a curve which is the 
derivative of the curve which c follows. 

There are several links in this mechanism, and any 
lost motion in the train will cause inaccuracies in the 
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differentiation. It is easy, however, to retrace the 
record and eliminate errors due to this and other 
sources. In effect, the curve can be smoothed by 
repetition. After the differentiation is completed, it 
is not necessary to further refine the curve. Further 
differentiations may be made directly from this rec- 
ord without any copying or redrawing. It will be 
noted that the tracing wire c follows behind the 
marking point e by a short distance. This offset is 
required by the physical construction of the machine. 
Its only effect on the work is to prevent the values 
of both the curve and its derivative at the same point 
from being read on a common vertical. 


NUMERICAL DIFFERENTIATION: The previous meth- 
ods have required either careful draftsmanship or an 
expensive instrument. The numerical differentiation 
method requires neither, and also provides a method 
in which the determination of higher derivatives is 
independent of the first ones. In fact, it is not nec- 
essary to determine any derivative other than the one 
actually desired. For example, calculation of a third 
derivative may be done directly, without previous 
calculation of the first and second derivatives—an ad- 
vantage not enjoyed by any other method. 

While the method can be employed directly from 
the formulas, it may be desirable to study its founda- 
tions in order to make full use of its potentialities.* 
An extension of Newton’s Method of Interpolation, it 
requires for its application values of the function sep- 
arated by equal values of the independent variable. 
From any recorded curve, such as Fig. 6, a series of 





























































































































































































































































































































i a b c d 
(sec) (in.) 
0.00 4.34 
.03 
0.01 4.37 01 
0.02 4.41 peeinees 01 00 
05 — 00 7 
0.03 4.46 2g 01 —.06 
| .06 — 06 
0.04 4.52 r —.05 11 
01 .05 , 
0.05 4.53 00 —.05 
01 .00 
0.06 4.54 .00 —.01 
01 -.01 [-— 
0.07 4.55 -.01 02 
.00 01 
0.08 4.55 .00 04 
.00 .05 
0.09 4.55 05 —.05 
05 00 
0.10 4.60 05 07 
| .10 07 
011 | 4.70 12 —.08 
4 .22 -.01 
0.12 | 4.92 11 -.18 
| 33 -.19 
0.13 | 5.25 —.08 (—.35) 
25 (-.54) 
0.14 5.50 ( —.62) (1.49) 
(-.37) (.95) 
0.15 5.13 (.33) (-1.27) 
—.04 (-.32) 
0.16 5.09 ee 01 (.32) 
|} —.03 .00 
0.17 5,06 me 01 .00 
—.02 .00 
0.18 5.04 01 -.01 
-.01 -.01 — 
0.19 5.03 C0 
-.01 
0.20 5.02 
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rectangular coordinate values may be determined as 
follows: 


Abscissa) 2%, @ @ ..-. @& x 


n-1 n 


Ordinate Y4 Ys Ys > + + Your Ya 


where, as previously noted, %; — % = 4%, — 4% = 
Ly — 2%, = h for all points measured. From these 
measured values of y, successive differences a, b, c, d, 
and so on, can be computed. For example, 


¥, — yY, — 4; ~~. % = @,; etc. 
a,—a4,=0,; a,—a,=0b,; etc 
b b, = ¢,; b =c,; ete. 


and so on,.as niles as desired. Sis ter 

A complete table may then be oumueeih as in TABLE 
I. Arrangement of the figures in this zig-zag manner 
facilitates maintaining their positions ‘and relative or- 
der. A corresponding numerical series derived from 
Fig. 7 is shown in TABLE II. 

To find the derivatives at any point, apply the fol- 
lowing formulas: 

. ) (1) 


( dy ) hi ( b, Cy d,, 
rene =—\la, — + — ae 
ey ee 2 3 4 

(=) oy (» 11 ) 2 

dz (scl in Ce TF ete t ee cae os 

Stripped of their mathematical symbolism, these 
formulas express the values of the first two deriva- 
tives at any chosen point, n, in terms of the differ- 
ences bearing the same number. Note that in the 
table, these values of the differences lie on a straight 
line sloping downward to the right. 

The foregoing formulas were derived by assuming 


that a short portion of the curve, including and fol- 
lowing the point in question, could be represented by 














Fig. 6—Definitions for numerical differentiation. Distance 
h must be constant for any series of readings 
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an algebraic power series. Then the value of the 


curve at point n is 
Y, = Y, + pa, + Qa,2 + 72,3 + 84,4 4 .. 
and at Y,,,, it is 


Yau = Yo + p(@%,th) + q(2,+h)2 + r(xz,+h)s 
+8s(@ +h)t++.... 


Similar expressions are set up for Y,,., Y,43, and 
Yn44- The first derivative of the curve at x = nis, 
of course, 


d 
(2) = p + 2qu, + 3ra,2 + 487,37... 


and the second derivative is 





d2y 
= 2g + Gra, + 12e@,2 +... 
dxz2/, 


The constants p, q, 7, and s are determined in terms 
of the differences a, b, c, and d, thus giving the ex- 
pressions desired. 

Compute, for example, the first and second deriva- 
tives at the point 0.06-second. At that point, y = 
4.54 inches, a = .01, b = —.01,c = .01,d = .04 and, 
substituting in Equation 1, 











dy o .01 + .01/2 + .01/3 — .04/4 
dx 01 
== .83 in./sec 
and 
d2y ny, — 01 — 01 + (11 X .04)/12 
dxz2 .0001 
= 170 in./sec2 


In order to compute these two derivatives, it was 
not necessary to prepare the entire table; only the 
values at 0.06-sec and the four succeeding points were 
required. This permits a small part of a curve to bk 
checked without checking the entire record. It is to 
be noted that it is not possible to obtain the needed 
differences at the end of the table. If it is necessary 
to do work in this part of the curve, the end can be 
more closely approached by taking the values of the 
curve at closer intervals of x. 


Effect of Discontinuity 


When the derivative is calculated at x = 0.14-set. 
it is found that the plotted value as laid in on Fig.‘ 
is not in agreement with the curve. This occurs be 
cause there is a discontinuity between 0.14 and 0.15, 
thus violating the necessary condition that the curv 
be smooth in the interval over which the differences 
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Fig. 7—Time-motion curve, 
showing velocities at two 
points .determined .by 
method of successive dif- 








ferences. Apparent error 

at .14-sec point is due to 

discontinuity .immediately 
following it 
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are taken. The slope of the portion of the curve ly- 
ing between 0.14 and 0.15-sec must be separately 
computed, and any values of the differences whose 
computation has required crossing the discontinui- 
ties must be rejected. These values have been placed 
in parentheses in the table. If this is not done, the 
computations will produce values for a curve which 
passes smoothly through all the points used. 

In the method described here, the various deriva- 
tives have been based on those parts of the curve 
which immediately follow the point in question. It 
may be argued with some logic that the trend of a 
curve is more dependent upon that portion which pre- 
cedes the selected point. To evaluate a curve in terms 
of preceding points, the successive differences are tab- 
ulated exactly as in TABLES I and II, -but the differ- 
ences lie on a line sloping upward to the right. In- 
stead of Equations 1 and 2, the following formulas 
will apply: 








d 1 b,- C,- d,- 
( ~. ) == (a+ ex Bt St 5545) (3) 
2 3 4 





dz /, h 
( dzy ) ae (» 11 ) 
dx? : = he in-2 + Ca-3 + io” 4 . a . (4 ) 


It will be observed that this procedure does not 
give values of derivatives near the beginning of a 
curve, just as the use of Equations 1 and 2 and fol- 
lowing points fails to give values near the end. By 
using both procedures the entire curve may be evalu- 
ated, including regions near a discontinuity. Also, if 
it is desired to evaluate the curve in terms of the 
trend both preceding and following a selected point, 
this may be accomplished by using both procedures. 

REFERENCES 
1. Hawkins, G. A., and Balleisen, C. E.—‘‘High Speed Photography,”’ 

MACHINE DESIGN, Aug., 1947, Page 127, and Sept., 1947, Page 121. 
2. Cousins, F. W.—‘‘Simplified Analysis,’ MACHINE DESIGN, Dec., 

1947, Page 121. 


3. Lipka, J.—Graphical and Mechanical Computation, John Wiley & 
Sons Inc., New York, 1918. 





Shown below is the General Electric TG-180, most power- 
ful jet engine now in production in this country. With 
a rating of approximately 5000 pounds thrust, which is 





new planes being built to utilize it, the new engine has 
undergone extensive ground and flight tests. It has been 
installed as the powerplant of the North American F-86A 
and has been altitude tested in G.E.’s B-29 flying laboratory 
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A review of psychological fi 


By Walter F. Grether 


Aero Medical Laboratory 
Wright Field, Ohio 


Fig. 1—Huge, complicated engineers’ control instrument panel 
on the new Martin transport “Hawaii Mars” 


RE are probably few of our activities to 
which the well known adage, “It is human 
to err’ is more applicable than to the reading 

of instruments. And there is probably no other field 
of human activity in which instrument-reading errors 
can be as expensive as they are in aviation. Many 
aircraft and their human cargoes have been lost 
because of errors that anyone might make in reading 
airspeed, altitude, heading, manifold pressure, or any 
of the other indications essential for successful flight 
and navigation, Fig. 1. Although this paper is con- 
cerned primarily with human errors in the reading of 
aviation instruments, the research results are ap- 
plicable to all types of instruments. 

In the consideration of instrument reading it is 
helpful to think of the human being as an extremely 
complex servomechanism. Into the eyes, ears, and 
other sense organs of this mechanism can be fed a 
diversity of information, very much as potentials or 
hydraulic pressures are fed into true servo systems 
from suitable sensing devices. On the output side of 
our human servomechanism we can have a variety of 
actions such as the operation of control levers, knobs, 
and switches, the aiming of a gun, the writing of 
an entry into a navigation log, an adjustment on a 
bombsight, or a spoken instruction. On the other 


Based on a paper presented at the recent SAE National Aeronautic 
and Air Transport meeting in New York. 
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hand, our human servo may not produce any 
external action, but may instead store the 
incoming data for the control of future 
action. 

Considered as a servo link in the operation 
of complex equipment, the human being has several ad- 
vantages as well as disadvantages by comparison with 
conventional electromechanical systems. The humat 
capacity for learning, for the handling of diverse and 
complex data, and for the exercising of critical judg- 
ment could be matched, if at all, only by prohibitively 
complex servo systems or automatic computers. On 


Fig. 2—Average instrument fixation time of 20 pilots during 
regulation ILS landing approaches 
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the other hand, the human being cannot match a 
properly functioning servo system in rapidity of 
action and freedom from unpredictable errors. We 
can, however, increase considerably the speed and 
probability of correct action of our human servo by 
improvements in the instruments which supply in- 
formation to it. It is toward this end that the re- 
search reviewed in this article has been devoted. 

In order to understand the problem better it is 
important to know what kinds of errors normally 
occur in instrument reading. From a post-war in- 
vestigation it became evident, for example, that 
multi-revolution aircraft instruments, such as the 
altimeter, are frequently misread by a complete re- 
volution of the sensitive pointer. Also, some head- 
ing and attitude instruments are susceptible to a 
reverse interpretation leading to control of the air- 
craft in the opposite of the desired direction. Especial- 
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F ig. 3~Speed and accuracy of check reading of 16 engine 
instruments with horizontal versus mixed pointer alignment 
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ly noteworthy is the fact that most gross errors ‘in 
instrument reading were found to have resulted from 
faulty interpretation rather than from difficulties in 
legibility or acuity. The major and most serious 
difficulties, in other words, are not in seeing or hear- 
ing the presented information, but in making the cor- 
rect mental interpretation. 


How INSTRUMENTS ARE READ: In designing any 
given instrument, the manner in which it is to be 
used, or the purpose for which it is to be read must 
be known. There are at least three types of instru- 
ment reading: (1) Check reading for assurance of 
a null, normal or desired indication, (2) qualitative 
reading for the meaning of a deviation from a null, 
normal or desired indication, and (3) quantitative 
reading for the actual numerical value of an indica- 
tion. Among the existing aircraft instruments there 
are some that serve only one or two of these three 
reading functions. A warning light, for example, 
serves only for check reading. Engine instruments 
are, by and large, merely check-read, although quali- 
tative and quantitative readings are also possible 
and sometimes necessary. Still other instruments, 
such as the cross pointer and horizon bar of the gyro 
horizon serve only the check and qualitative reading 
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Fig. 4—Above—Speed and accuracy of qualitative reading 
of 16 engine instruments with pointers aligned in the 9, 12, 
and 3 o’clock dial positions 
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Fig. 5—Below—Effect of omitting graduation marks upon 
speed and accuracy of dial reading. Six men read each 
dial 120 times 
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functions. Most other flight instruments can and 
probably should satisfy all three reading purposes. 
Just as the reading purpose or function will differ 
for different instruments, so, also, will it differ with 
the task being performed by the reader. It is possible, 
in a normal operating situation to get some evidence 
of the types of reading being performed from a study 
of the reader in action. In reading instruments, as 
in any other kind of seeing, it is necessary for the 
eyes to be fixed momentarily on each instrument. 
From motion picture records of the pilot’s face it is 
possible to determine the length of the eye fixations 
on each instrument and the frequency with which 
each instrument was checked. Some preliminary re- 
sults of one such study now under way are shown in 
Fig. 2, which gives the average time per eye fixation 
on each instrument during a landing approach using 
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Fig. 6—The accuracy of interpolating pointer 
position between graduation marks as function 
of scale interval 


the cross pointer or ILS system. It will be noted 
that the fixation times ranged from approximately 
0.3 sec. for the most rapidly read single instruments 
to over 0.7 sec. for the cross pointer. Quantitative 
readings, however, normally require considerably 
longer periods. Although strictly quantitative read-. 
ings may be made infrequently during flight, many 
of the most hazardous errors made are of this type. 

This threefold classification in terms of check, 
qualitative, and quantitative instrument reading ap- 
pears to have considerable utility as a guide to re- 
search on instrument design. Design requirements for 
each type of reading appear to be quite different. In 
order to eventually achieve optimum instrument de- 
signs it is necessary to determine through research 
the optimum principles of indication for each of the 
three types of reading function. Then, knowing the 


reading purposes which a given instrument is to . 


serve, it should be possible to successfully design 
instruments to serve those purposes. 

Presented in the following are the results of some 
psychological experiments which further our un- 
derstanding of how design factors influence the speed 
and accuracy of instrument reading. All of the ex- 
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periments are recent, and are only the beginning in 
a new scientific approach, but they demonstrate what 
can be accomplished by this line of investigation, 


CHECK READING: Speed of check reading ig of 
particular importance in the case of engine instry. 
ments, many of which are of concern only when their 
readings fall outside the normal operating range, |t 
is highly desirable that a pilot be able to glance at 
his array of engine instruments and be able to detect 
quickly. any indications of malfunction. In an effort 
to obtain superior engine instrument arrangements 
the Equipment Laboratory of the Air Force Air 
Materiel Command is working toward rectangular 
arrangements of instruments with uniform pointer 
alignment. Psychological studies have been conducted 
with such rectangular arrays of simulated instru- 
ments and Fig. 3 shows some of the results for check 
reading of 16 instruments simultaneously. The re- 
sults show that when horizontal pointer alignment is 
used it is possible to check and respond to a group of 
16 instruments in 0.75 seconds, which is approxi- 
mately the time required for single instruments. The 
results also show that a mixed alignment condition 
considerably increases the difficulty of checking such 
a group of engine instruments. 


QUALITATIVE READING: A study of qualitative read- 
ing was also carried out using the group of 16 simu- 
lated engine instruments illustrated schematically in 
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Fig. 7—Speed and accuracy of reading altitude from three 
types of indicator. Ninety-seven USAF pilots made 12 
readings on each instrument 


Fig. 3. This experiment was designed to answer the 
specific question of whether the pointers of such an 
instrument group should be aligned at the 9, 12, 
or 3 o’clock dial position. Findings concerning the 
effects of pointer alignment position upon qualitative 
reading are presented in Fig. 4. It is apparent that 
the 9 o’clock pointer position gives the best and the 
3 o'clock position the poorest results in terms of 
speed of response and freedom from errors. 

A reasonable explanation for the superiority of the 
9 o'clock position can be found in the direction of 

(Continued on Page 208) 
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Diaphragms 






. . . their design and application 


By J. H. Swartz 
Engineer 
Linear, Inc. 
Philadelphia 


1 — Above — Differential 
phragm is used in this propane-butane 
pressure regulator. Details of this regulator 
are shown in Fig. 3 


EW fields of diaphragm application and service have been Fig. type dia- 
opened in recent years by improved materials and designs. 
Formerly, the limitations imposed by available materials 

severely restricted diaphragm usage. During the last decade, how- 
ever, synthetic materials have been developed which will with- 
stand an ever-expanding range of operating conditions. Having 
this greater variety of materials to use, design engineers are giv- 
ing more thought to diaphragm design possibilities and to the 
stresses which must be distributed properly in order to provide 
satisfactory operation. In the past, each diaphragm installation 
has been a tailor-made design and much of the research has been 
that of individuals or corporations. As a result, there has not 
been, to the writer’s knowledge, any compilation of design data 
generally available to the engineering -profession. This article is, 
therefore, a preliminary attempt to bring some of the loose ends 
together in the hope that it will be the starting point for more 
detailed analysis in the future. 

For the purposes of this discussion, the application of flexible 
diaphragms has been arbitrarily divided into two classifications 
corresponding to the major functions they are intended to per- 
form in service. The first and probably the most widely used 
group is that which is intended to multiply a force to produce 
thrust for various actuating purposes, Fig. 1. The second and 
probably newer group is that which is used chiefly to separate 
liquids, gases or combinations of the two. Obviously, the function 
of the former should be accomplished with minimum mechanical 
losses consistent with adequate strength of the diaphragm ma- 
terial for the service conditions to be met. 

Three major factors affect the performance of a 


Fig. 2—Below—Fuel-pressure control valve 
utilizes two differential-pressure diaphragms 








flexible, nonmetallic diaphragm. They are: First, the 
physical properties of the material; second, the chem- 
ical properties of the material; and third, the me- 
chanical design of the diaphragm itself. These factors 
will be discussed kriefly in the sequence given. 
PHYSICAL PROPERTIES OF MATERIALS: The general 
physical-property requirements for the force multipli- 
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cation or unbalanced-pressure type of diaphragm are 
somewhat different than for the fluid-separation type 
due to the different functions performed by each. 
These major requirements are in order of their im- 
portance to the design engineer: 
1. Burst Strength: This property is controlled chiefly 
by two other properties commonly used in the 
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Fig. 3—Above—Cross-section of reg- 

ulator valve shown in Fig. 1. Dia- 

phragm has central relief hole to 
accommodate excess pressures 





rubber industry, i.e., tensile 
strength and modulus. Since 
ultimate tensile strength is 
based on the tensile stress a (ane 
required to cause failure for | JSBLELID Paoseadl 99. 
a given area of section, any } Sa $a 
reduction of sectional area poe: volne i 
caused by elongation under mm)! 
pressure will progressively : t 
lower the bursting strength ae tae 
of a given sample. Conse- 
quently, a  high-modulus 
compound should ordinarily 
show a higher burst test 
than a low-modulus com- 
pound even though the ulti- 
mate tensile strengths of 
both are approximately the 
same 

. Flexibility: This is a term 
usually employed to de- 
scribe the relative deforma- 
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Fig. 4—Cross section of railway air- 

brake relay valve. Use of dia- 

phragms of graduated areas make 

possible preselected pressure re- 

ductions from a constant-pressure 
source 
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tion or deflection of a given material when sub- 
jected to a given load. This property is dependent 
on modulus, low-modulus compounds usually being 
described as “flexible” compounds and high mod- 
ulus compounds being called “stiff” compounds 

8, Fatigue Resistance: This property may be com- 
paratively evaluated by reference to the resilience 
of the compound. Generally speaking, the most 
resilient compounds are those which most nearly 
recover their original shape after release of the 
deforming force. This simply means that a mini- 
mum portion of the energy causing deformation 
is converted into heat (hysteresis loss). Thus, the 
more resilient a compound is, the less heat is built 
during repeated stress cycling and, consequently, 
reductions in tensile strength, tear resistance and 
other physical properties caused by heat are mini- 
mized. 





In the general category of fluid separation, or 
balanced pressure diaphragms, burst strength is 
of relatively minor importance, being replaced by 
flexibility and fatigue resistance. The order of im- 
portance of the two properties depends on the partic- 
ular function the diaphragm is expected to perform. 


CHEMICAL PROPERTIES OF MATERIALS: The chemical 
properties of a compound insofar as they are related 
to diaphragm service can be narrowed to two factors. 
They are: First, the permeability of the material 
to gases which may be in contact with the diaphragm 
surface; and second, the resistance of the material to 
reduction of physical property values through ex- 
posure to high temperatures, or destructive fluids. 

Comparison between various basic polymers in 
their uncompounded and compounded states with 
== respect to their permeability to four common gases 
is given in TABLE I. Variations, however, in the 
molecular structure of the polymer, in compound 
Ingredients and in production processes will all affect 
the gas permeability of the finished product. Gen- 
erally, gas permeability is of significance only in 
Miaphragm applications of the balanced-pressure or 
Separation type. 

_ Resistance of the diaphragm material to swelling 
"and deterioration in the presence of destructive 
i, iquids or gases is obviously important, since changes 
























TABLE I—Relative Gas Permeability of Rubbers 





in these properties will alter the orginal physical 


properties incorporated into the material. Further- 
more, change in original physical properties pro- 
duces, in most cases, change in diaphragm perform- 
ance. Selection, therefore, of the proper material to 
meet specific service conditions should be left to 
the diaphragm manufacturer unless, of course, test 
data showing proved suitability of a particular ma- 
terial is available to the designer. 


DESIGN CONSIDERATIONS: Requirements governing 
the design of the diaphragm and the assemblies with- 
in which it operates must also be given careful con- 
sideration. The first of these is space limitation. In 
the case of existing equipment into which a dia- 
phragm has been introduced the reason for space 
limitation is apparent. Other space-limiting con- 
ditions are generally dictated by the special service 
into which the whole assembly is to be put. 


Deflection Amplitude Limits Design 


Required amplitude of deflection (stroke) of the 
diaphragm also materially limits the design of the 
diaphragm due to the desirability, in the case of 
elastic diaphragms, and the necessity, in the case of 
reinforced diaphragms, of incorporating sufficient ma- 
terial into the surface area to permit full required 
deflection without stretch. This is usually accom- 
plished by designing single or multiple convolutions 
into the diaphragms. Necessary diaphragm sensitivity 
(ability to deflect with minimum applied force) gov- 
erns the thickness of the material. To a lesser extent 
it determines the construction, that is, whether it 
is to be homogeneous or reinforced. 

An aspect of diaphragm design too frequently 
neglected is that of compression sealing. With the 
wide variations possible in modern diaphragm de- 
sign it is not entirely practical to make any sweep- 
ing recommendations or condemnations concerning 
this feature. Worthy of some design consideration, 
however, are a few general pointers which should 
prove useful. 

The most important of these, because of its wide- 












HELIUM 











HYDROGEN NITROGEN CARBON DIOXIDE 















GR-/, pure gum 
GR-/, 36 semi-reintorcing black 
GR, 72 semi- reinforcing black 
_ Rubber, pure gum 

Rubber, 36 semi-reintorcing black 
Rubber, 72 semi-reintorcing black 
Perbunan, pure gum 











GR-S, pure gun VZZZZZ LL LLL 
GR-M, pure gum [22272 
Thiokol FM ZA 


















Permeobiity (liters per sq m. per 24 frs) 


5 








48 MACHINE DESIGN—June, 1948 





155 


































spread misuse in industry, is control of flange com- 
pression. For each diaphragm application there is 
a correct “squeeze” or precompression which will 
provide adequate sealing without undue distortion of 
shape. This value should be determined, by trial and 
error if necessary, and should be adhered to on all 
production units. A satisfactory method of achieving 
this control is counterboring to the outside diametcr 
of the diaphragm flange one of the two faces between 
which it is to be clamped, to a depth which will auto- 
matically provide the correct minimum squeeze 
when the clamping surfaces are brought metal to 
metal. This method, although not universally applic- 
able, not only offers the advantage of uniform clamp- 
ing pressure around the periphery of the flange but 
also insures proper adjustment during the replace- 
ment in the field. 

Flange-width to thickness ratio usually varies from 
4:1 to 10:1. Since most diaphragm materials are 
essentially incompressible, that which appears to 
be a small increase in flange squeeze may cause an 
expansion in flange width of 4 to 10 times this value 
and result in detrimental buckling of the diaphragm 
surface. 

This condition can be somewhat alleviated by pro- 
viding sealing ribs or beads on the clamping surface 
of the diaphragm. This will also minimize the bolt 
prestressing necessary to seal the flange, since unit 
clamping pressure will be increased by reducing the 
effective clamping area. Serrated metal flanges, how- 
ever, should be used with caution since they frequent- 
ly cause failure due to high stress concentrations on 


~~ 


Fig. 5—Control-valve seal is a dia- 
phragm of the differential type. Sec- 
tion of valve shows seal located just 
below control-diaphragm chamber. 


Details show old seal design at left, 
and new design, utilizing diaphragm 
as a seal, at right 
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the material between serrations. Usually, a diaphragm 
design which initiates rolling action instead of buck. 
ling at the start of deflection will reduce stress con- 
centration and will greatly assist in prolonging the 
diaphragm life. 

The remainder of this article will be devoted to 
discussing specific applications which illustrate the 
wide variety of service conditions and mechanical 
functions which can be handled by mechanical dia- 
phragms, 

AIR OPERATED DUPLEX DIAPHRAGM CONTROL VALVE: 
This unit, which has a differential-pressure type 
diaphragm is shown in Fig. 2. It is designed primarily 
to regulate fuel pressure in industrial gas furnaces 
in conjunction with air-operated control instruments, 
Its function is accomplished by introducing an air 
signal, generally about 20 psi, to the upper sensitive- 
control diaphragm which opens the valve admitting 
fuel flow to the controlled line. When the fuel pres- 
sure in this line and in the lower controlled-dia- 
phragm chamber rises to 60 psi (using the 3:1 ratio 
of diaphragm areas), it will balance the control 
diaphragm and the valve will hold its setting until 
the equilibrium is upset by a change either in con- 
trolled-fuel pressure or in air-signal pressure. The 
resulting unbalance will either open or throttle the 
valve to re-establish equilibrium. In this unit, a wide 
ratio of controlling to controlled pressures may be 
obtained by substituting various sizes of diaphragm 
assemblies. 

The lower diaphragm in the valve eliminates the 
need for stem packings or springs, resulting in a 





MACHINE DESIGN—June, 1948 











gm 
ick- 
on- 
the 


_ to 
the 
ical 
lia- 


ype 
rily 
ces 
its, 


ve- 
ing 


lia- 
tio 
Tol 
ntil 
on- 
‘he 
the 
ide 


the 





48 





pressure regulator of unusual sensitivity and con- 
trol accuracy. A diaphragm design feature of con- 
siderable interest is the premoulded radius in the 
operating area, concave to the pressure side, which 
produces the initial rolling action previously dis- 
cussed. 

PROPANE BUTANE PRESSURE REGULATOR: Using a 
differential-pressure type diaphragm, this valve, Fig. 1 
is designed for use in bottled gas (liquid petroleum 
gas such as butane and propane) fuel systems widely 
employed in rural areas. It provides the uniform 
outlet or delivery pressure required for optimum 
burner efficiency over a wide range of inlet pressures. 
In a unit of this type, delivery pressure is preset 
by initial adjustment of the spring. Any increase 
in delivery pressure or flow raises the diaphragm 
against spring compression and cuts off the inlet 
pressure. When delivery pressure drops below pre- 
determined value, the spring lowers the diaphragm 
assembly, opening the inlet valve and permitting 
delivery pressure to increase until spring pressure 
is once again balanced. 


Valve Is Incorporated Into Diaphragm 


An interesting feature of this installation is the 
incorporation of an overload relief valve into the 
diaphragm itself as shown in Fig. 3. The relief valve, 
using the diaphragm as a seat, is held in*a closed 
position by the relief-valve spring backed up by the 
diaphragm plate. Any increase in delivery pressure 
above the regulator setting caused, for example, by 
regulator-valve failure will raise the diaphragm off 
the relief valve. The clearances between the square 
relief-valve stem and the round hole in the center 
of the diaphragm will permit gas to escape from the 
vent until delivery pressure once more drops to the 
original setting, at which time the relief valve spring 
will again seat the relief valve. 

Unusual sensitivity is provided in this valve by 
varying the diaphragm thickness at the flexing areas. 
Adequate deflection with constant effective diaphragm 
area is obtained by the moulded-in convolution in the 
diaphragm surface. 

RAILWAY PASSENGER-CAR AIRBRAKE RELAY VALVE: 
The function of this valve is to limit the brake-cyl- 
inder pressure in relation to train speed as controlled 
by an electric speed governor through solenoid valves. 
As shown in Fig. 4, the diaphragms are of the differ- 
ential-pressure types. When brakes are applied at 
train speeds exceeding approximately 65 mph, a high- 
speed solenoid valve is opened by the speed governor. 
admitting air-line pressure to diaphragm chamber B. 
Under this pressure, diaphragm 1 is moved to the 
left and, acting through the pivoting lever, closes 
the exhaust valve and opens the application valve. 
This admits air-line pressure into the diaphragm 
chamber and thence to the brake-cylinder line. When 
line pressure is reached in valve chamber 4A, dia- 
phragm 1 becomes balanced, maintaining line pres- 
sure on brake cylinders. 

As the train speed falls below 65 mph, a medium- 
Speed solenoid valve admits brake-line pressure to 
chamber C, and pressure in B is released. Since, 
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however, the area of diaphragm 2 is only 80 per cent 
of the area of diaphragm 1, the piston will move tc 
close the application valve and open the exhaust 
valve until valve-chamber pressure (or brake cylin- 
der pressure) is 80 per cent of brake pipe pressure. 
Further slowing of train will reduce brake-cylinder 
pressure to 60 per cent, then 40 per cent of air pipe 
pressure through action of diaphragms 3 and 4 which 
have areas 60 per cent and 40 per cent, respectively, 
of diaphragm 1. This diaphragm installation illus- 
trates an effective method of obtaining various pre- 
selected pressure reductions on actuating equipment 
from a constant-pressure source without special aux- 
iliary equipment. 

VALVE STEM SEAL FOR DIAPHRAGM CONTROL VALVE: 
The purpose of this assembly, which utilizes a dif- 
ferential-pressure type diaphragm, is to replace a con- 
ventional V-ring packing installation as shown in 
Fig. 5. Absolute air tightness and low mechanical 
resistance to axial motion and minimum mainte- 
nance are the major requirements. In order to ac- 
complish this function a somewhat unique combina- 
tion of features was incorporated into this design. 

First: A thin elastic synthetic rubber was select- 
ed for the diaphragm material in order to meet the 
requirement of maximum flexibility. Second: A roll- 
ing type of diaphragm was chosen. This was done to 
achieve small diameter, since this seal diaphragm has 
the effect, under pressure, of cancelling a portion of 
the effective area of the main controlling diaphragm. 
Also, since the diaphragm assembly was required to 
be interchangeable with the old stuffing-box assembly, 
it was necessary to limit the diaphragm diameter 
while retaining a relatively long stroke. Third: The 
chamber into which the diaphragm fits was fully en- 
closed and conformed to the diaphragm shape to limit 
inflation under pressure. Fourth: To facilitate as- 


Fig. 6—Transfer valve employs balanced-pressure dia- 
phragms to separate air signal from hydraulic fluid 


pressure 














sembly, the diaphragm was molded to the shape il- 
lustrated. Secure clamping and sealing was effected 
by the provision of enlarged beads on both the inner 
and outer periphery. 

The result of this design is to virtually prohibit 
seal friction from reducing the sensitivity of the 
valve to air-signal pressures transmitted by the con- 
trolling instrument. 

AIRCRAFT AUTOMATIC-PILOT TRANSFER VALVE: The 
function of this valve is to transform differential air 
signals from the gyroscope unit into amplified hy- 
draulic-pressure variations to actuate the related 
servo cylinder. Separation of the pneumatic and hy- 
draulic fluids is accomplished by a balanced-pressure 
type diaphragm. 

As shown in Fig. 6, the air signals are admitted to 
both sides of a central control diaphragm. When 
the pressure becomes greater on one side of the dia- 
phragm, the diaphragm together with the attached 
piston assembly travels in the other direction. These 
pneumatic-pressure forces are balanced by hydraulic 
forces from a hydraulic-system line and a servo-cyl- 
inder line which act on the ends of the valving pis- 
tons. Thus, in neutral position, the air pressures are 
equal and the hydraulic pressures are in inverse pro- 
portion to the piston areas. When air pressure un- 
balances the assembly toward the right, the left- 


Fig. 7—Bag for accumulators shown in Fig. 8 are dia- 
phragms of balanced-pressure type. Diaphragm must 


have walls of carefully controlled thickness; material must 
retain physical properties over wide temperature range 








hand piston serves as a valve and allows full hydrav. 
lic-system pressure to flow past and act on the right. 
hand valve piston. As the pressures balance, the 
assembly moves to neutral and the left-hand valye 
closes. Conversely, an unbalanced air-signal pres. 
sure to the left allows servo-line pressure to bleed off 
to the system return until the pressure forces balance. 

The diaphragms on each side of the control dia- 
phragm serve to separate the return-line fluid from 
the air-signal chambers. For this reason they have 
been classified as balanced-pressure diaphragms al- 
though, in the strictest sense, there can be a pressure 
differential of 4-inches of mercury across either one. 
The major requirements of these diaphragms are: 
First, that they be air tight; second, that they ke 
extremely sensitive; and third, that the thickness be 
held to close tolerances (diaphragm thickness is 
0.012-inch). In order to insure air tightness each 
diaphragm is tested for leakage at 50 psi static air 
pressure during inspection. 


Close Tolerances Held 


Performance specifications for these diaphragms 
require that the entire valve assembly shall operate 
at a minimum air-signal pressure differential of 0.10- 
inch of Hg and that it shall be capable of completing 
a 100,000 cycle life test at 4-inches of Hg without 
diaphragm failure. The necessity for maintaining 
close tolerances on diaphragm thickness can be ap- 
preciated when it is realized that the total stacked 
tolerance of the entire diaphragm and piston as- 
sembly must not exceed 0.0075-inch to insure proper 
functioning of the valve. 

BaG TYPE HYDRAULIC ACCUMULATOR: The purpose 
of the unit in this installation is to store energy in 
the form of hydraulic pressure to be used at inter- 
vals to actuate the automatic clamping, platen trav- 
erse and upset operations of a 800-kva flash welder. 
The diaphragm used is of the balanced-pressure type. 
By utilizing a 2 gpm hydraulic pump, charging two 
accumulators of sufficient capacity, enough power is 
stored between operating cycles to actuate this welder 
at a speed which would otherwise require a 100-gpm 
pump. The major requirements of a totally enclosed 
bag, Fig. 7, for such an accumulator are: 


1. Accurate control of wall thickness to achieve uni- 
form and predictable expansion up to 130 per cent 
elongation under precharged gas pressure 

2. Attainment of a good joint (this type of bag must 
be molded in two halves) with respect to uniformly 
smooth surfaces, uniformity of physical properties 
through the joined area and impermeability to the 
liquids or gases used 

3. Chemical resistance to hydraulic oils employed 

4. Maximum retention of original physical properties 
over the temperature range anticipated. 


The bag used in these accumulators is provided 
with a molded-in valve body for gas precharge. A 
plug or poppet is also molded into the opposite end 
of the bag to eliminate extrusion of the rubber whe! 
hydraulic fluid is exhausted. Provision is made at 

(Concluded on Page 206) 
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Responsibility or Opportunity? 


Because of their specialized training, engineers as a class have not 
been prone to participate in public affairs. Although they are to be credit- 
ed with the technological advances which have resulted in current high 
standards of living and the general well-being of the nation, they are con- 
tent to leave to others the application of their developments. 


That this condition is due for a change, however, is apparent from the 
attention now being paid to the subject. For many years the American So- 
ciety of Mechanical Engineers, through its Civic Responsibilities Committee, 
has sponsored participation by the membership in matters relating to local, 
state and national government. Of late a considerable degree of success 
has been achieved, and engineers—singly or through committees—have 
demonstrated their ability to aid governmental bodies in the solution of tech- 
nical and administrative problems. 


Pertinent attention was focused on the role of the engineer in the future 
life of the nation at a recent symposium at which were presented the views 
of government, industry, the scientist and the engineer. All four speakers 
laid stress on the ever-widening vista that is opening up for the engineer and 
scientists in the realm of public affairs. James D. Mooney, president of 
Willys-Overland Motors, referred to the necessity for the engineer fo pre- 
pare to assume a wider field of activity and broader social, political, econo- 
mic and moral responsibilities. In discussing some of the essential factors in 
an engineer's education, he named: (1) the ability to express himself clearly; 
(2) study of history as affected by technological development; (3) basic 
grounding in principles of economics; and (4) recognition of moral and 
spiritual values in life. 


Many notable examples could be cited of the accomplishments of en- 
gineers in public life. It is believed that as more members of the profes- 
sion engage in activities beyond the scope of their specialized background 
and training, the status of the engineer will be greatly enhanced and wider 
recognition of his contribution to society—from all standpoints—will follow. 
Such activities might well be considered as the acceptance of increased op- 
portunities rather than increased responsibilities as they have so often been 


termed in the past. 





Contour Projector 
Uses New Optical System 


Optica. principles not previously incorporated 
in instruments of its type are employed in the con- 
tour projector, lower right. As the sectional view, be- 
low, shows, when an object is positioned on the work 
table, its shadow image is picked up by the relay lens. 
The image path is reflected upward by the two 
mirrors at the rear, and passes through a second lens 
system which provides the desired magnification. A 
single mirror at the top rear of the projector reflects 
the magnified image onto the viewing screen, which 
is backed up with a special lens element known as a 
Fresnel lens. 

This Fresnel lens, similar to the lenses used for 
lighthouses, is a major factor in providing maximum 
screen brilliance. In effect, it concentrates the light 
passing through the viewing screen in a cylinder of 
the same diameter as the screen. Because of this, 
and because all lens elements are “Lumenized” with 
a microscopically thin coating of magnesium fluoride 
to increase light transmission, the projector can be 
used in fully lighted rooms without hood or curtaing. 

Use of the relay lenses fulfills a double purpose; 
permitting the magnifying lens to be mounted in the 
rear of the ‘dust-tight cabinet and providing a con- 
stant working distance of eight inches between the 
part under inspection and the first lens of the pro- 
jection system. In addition, the relay lenses serve 
with the twin mirrors located at the bottom rear, to 
provide an erect image on the screen. 


Relay lens 7 


Object 


SM idlpbagagumpumetanat, Cee bcc 


at 


All magnifying lenses are parfocused, and once the 
projected image is in focus on the screen, magnifica- 
tion may be changed without refocusing. To effect 
such changes easily where they are frequent, a lens 
turret is supplied as an accessory. This affords 4 
choice of five magnifications simply by turning a 
knob at the top of the instrument to position the de- 
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sired lens at a click stop. 
Another accessory, shown at 
the right, provides a system of 
vertical projection for inspect- 
ing thin or flat parts. A lamp 
house is attached to the top of 
the machine and its beam is di- 
rected to a glass work table 
mounted on the standard table. 
A mirror, set at 45 degrees, 
picks up the shadow image of the part resting 
on the glass and directs the light beam into the 
relay lens. Manufacturer: Eastman Kodak Co., 
Rochester 4, N. Y. 











Shaper Head Locked by 


Hydraulically-Actuated Wedge 


Currne all teeth or configurations simultaneously, the 
Shear-Speed external shaper, right, is used for producing gears, 
splines, sliding clutches, ratchets, etc. Its operating cycle is 
automatic. After the work is clamped hydraulically on the fix- 
ture, the head lowers to cutting position and hydraulically-ac- 
| tuated wedge pins lock it in place. Work is then reciprocated 
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SECTION THROUGH HYDRAULI/CALLY- 
ACTUATED WEDGE LOCKING PIN 





vertically through the cutting head, the 
cutting blades being fed radially at the 


start of each cutting stroke and retracted 
during each down stroke to provide clear- 
ance. Upon completion of the cutting 
cycle, the head is automatically unlocked 
and elevated, and the work is hydraulically 
released. 

Mounted in the cutting head is a radial 
cutting-blade fixture. In this fixture, the 
blades are mounted radially in slots. The 
outer ends of the blades bear against the 
inner area of the outside cone of the head, 
and the inner cone of the head fits into 
the angular slots of the blades (see 
photos). The inner cone controls relief of 
the blades on the return stroke, while the 
outer cone controls feed of the blades on 
the cutting stroke. 

Shown in the cross-section drawing, 
above, is one of the two hydraulically-ac 
tuated wedge locking pins which hold the 
head securely in place against a stop block 
during the cutting operation. Three inter- 
changeable “slip-in” wedge blocks that 
mate with the wedge angle of the locking 
pins provide automatic vertical adjustment 
throughout the life of the cutting blades. 

Main drive to all mechanical components 
plus the hydraulic pump is by multiple V- 
belt, while a separate motor drives the 
coolant pump which floods the work dur 
ing each cutting cycle. Manufacturer: 
Michigan Tool Co., Detroit. 
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Toggle Positions 
Washer Drain Valve 


I OSITIVE drain-valve positioning is effected in the 


Speed Queen clothes washer, by adaptation of the fa- 
nm toggle principle. As is shown in the drawing, 
spring-loaded bell crank is employed, one leg op- 
werating in a slot in the valve stem, while the other 
Neg is notched to accommodate anchorage of two ten- 
gion springs. The over-center or toggle action of the 
grank is such that at one end of its stroke it holds 
the valve closed under spring pressure, and at the 
her end of its stroke it holds the valve open under 
spring pressure. Actual opening and closing is ef- 
Hected manually by pushing or pulling the valve stem 
‘by means of the knob. 
' Two seating washers are employed on the valve 
pm. One of these seals the valve when closed, and 
the other prevents leakage past the stem when the 
Hyalve is open. Felt packing around the stem acts as 
‘a wiper and thus offers added protection against cor- 
rosion. Replacement of the seating washers is read- 
ily accomplished by removing the two springs and 
three machine screws. The entire unit is inexpensive 
to produce because stampings and die castings are 
used throughout, holding machining to a minimum. 
Manufacturer: Barlow & Seelig Mfg. Co., Ripon, Wis. 
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Felt packing 
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of engineering parts, materials and processes 


Provides Gear Toughness 


MALL-PITCH Meehanite gears in the transmis- 

sion of the Denver universal flame-hardening 
machine, left, have the body toughness und surface 
hardness needed to withstand the severe loading to B 
which they are subjected in service. Machined from 
type GA castings and then flame hardened to 461 § fron 
Brinell, the gears have been operated for over two | of 
years under severe impact loading—no clutch is used | pat 
in the machines—without any sign of failure. Par- | may 
ticularly unusual feature is this choice of material | torg 








for such fine-tooth gears. tran 
miss 
agai 
0 
pert 
Pump Impeller “Floats” 
EYING method, right, used to attach impeiiers 
of the Adel hydraulic pump to driveshaft pre- 
vents thrust loads from being transferred from shaft 
to impeller or .end plates. Key consists of balls 
placed in three grooves spaced around periphery of 
shaft and shaftway. Impellers are thus free to 
“float” in the pump cavity despite any lateral motion 
of shafts. 
‘ a Fig. 
Has Aluminum Frame a4 
by | 
IGHT weight and high heat te 
conductivity of aluminum 
were used to advantage by the 
designers of the Hertner induc- 
tion motor. Frame and end unit 
bells, shown at right, as well as a fi 
rotor are aluminum castings, alsc 
the first time aluminum is be- lati 
lieved to have been used for all A 
structural parts of an integral- for 
horsepower motor. Units up to dis 
30 hp are so made with result- is 


ant weight reduction and cool 
operation. 
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Applying Planetary Gears 


Crpineeting 






to Differential Drives 


Y using a differential drive the scope of applica- 
tion of variable-speed transmissions can be 
greatly extended. In such a drive the power 
from the prime mover divides into two paths, one 
of which usually is purely mechanical. The other 
path contains the variable-speed transmission which 
may be an electric motor-generator drive, a hydraulic 
torque converter, a positive-displacement hydraulic 
transmission, or a mechanical variable-speed trans- 
mission. The two power-flow paths join each other 
again at the output end. 
One of the purposes of the differential drive is to 
permit reduction in the size of the variable-speed 
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Fig. 1—Simple internal-external planetary unit. Speed 

relationships between the elements A, B and C are given 

by Equations 1, 2 and 3. Replacement of planet pinion 

D by any of a variety of gear trains will not alter these 

basic relationships but will alter the numerical value and 
sign of ratio R 


unit by reducing the power which it must transmit to 
a fraction of the total power. The differential drive 
also can be employed to secure extremely close regu- 
lation of output speed. 

Application of a differential drive is full of traps 
for the unwary. This is because the double power- 





This data sheet is based on information furnished by A. Y. Dodge, 
A. Y. Dodge Co., Rockford, Ill. 


flow path is capable, under certain conditions, of 
transmitting power in the wrong direction. When this 
happens the other path is overloaded and there may 
result a serious loss of efficiency. A drive in which 
this condition occurs is known as a “regenerative sys- 
tem.” Although regenerative hook-ups should be 
avoided when a nonregenerative system will do, they 
do make possible large reductions in small space with 
few gears. When properly analyzed and designed, 
regenerative systems have some justifiable use. 

To assist designers in analyzing differential drives 
this Data Sheet has been prepared as a sequel to 
“Planetary Gear Calculations” (M.D., March, 1948. 
page 165). As there pointed out, calculations of 
speed ratios are difficult to check by common-sense 
observation. This is true to an even greater extent 
in calculating torques in differential circuits. Numer- 
ically the computations are extremely simple, and if 
sign conventions are rigidly observed the formulas 
here presented will permit the designer to make a 
fairly extensive exploration of the various possible 
arrangements in a short time. 

Heart of the differential drive is the planetary 
gear train. It is therefore necessary to have a com- 
plete set of formulas relating the speeds and torques 
in such a unit. Speed relationships are fully covered 
in the Data Sheet which appeared in March, 1948. 
Using the same notation but dropping the subscript ,, 
since all calculations in what follows will be based on 
absolute speeds, speeds of the three elements of a 
planetary unit (one planet arm and two sun or ring 
gears) are related as follows (see Fig. 1): 





N, ney RN, ° 
SD We immpetnnte svi vain’ oe 5's (1) 
i~ & 
N, = (1-8) N,+ BN, .... ie ed (2) 
N == _ 
Nn, =— ee. (3) 
R 
where N, = Speed of planet arm A (rpm) 
N, = Speed of sun or ring gear B (rpm) 
N, = Speed of sun or ring gear C (rpm) 
R = Speed ratio (N,,/N,,.) or speed of B to 


speed of C referred to arm A. 


Values of the speed ratio R are easily derived in 


HMmMmM peop 








































LATTES TAT 





ENGINEERING DATA SHEET 


terms of numbers of teeth in the gears. Examples 
, for several of the more common types of planetary 
units are given in the March, 1948, Data Sheet. 

Torque relationships depend on balancing the 
torque input and output. For a three-element unit 
the algebraic sum of the external torques acting on 
the unit must be zero: 


Regt Sew Bee ke , -. C8) 


Another torque relationship results from the equi- 
librium between the two sun or ring gears B and C, 
the torque ratio between B and C being inversely pro- 
portional to the speed ratio R. If the ratio R is posi- 
tive (both gears rotating in the same direction rela- 
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Fig. 2—Differential drive in which power divides between 
a straight mechanical path to the sun gear B, and a branch 
through a torque converter D-C 


tive to the arm) the external torques applied will be 
opposite in sign, hence the torque ratio is written 


T. 


T, er id eee cw ; .. (5) 





In applying this relationship the proper sign must 
be assigned to the numerical value of R, just as in 
dealing with speed ratios. Thus, in Fig. 1 R is nega- 
tive so the torque ratio would be positive. 

Equations 4 and 5 may be combined to give the 
necessary formulas relating torques, as follows: 
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a, = — Bt, Sh glo lc (10) 
R 
7, = fT’. : ots f ° (11) 
i- 


Equations 1, 2, 3, 6, 7, 8, 9, 10, and 11 furnish the 
basic relationships needed in analyzing a differential 
drive. 

Schematic arrangement of one type of differential 
drive is shown in Fig. 2. A prime mover £E (an en- 
gine or electric motor) drives sun gear B of a plane- 
tary unit direct. Ring gear C of the same unit is 
driven by a hollow shaft carrying one element of a 
variable-speed transmission. The other element of the 
variable-speed transmission is attached to the prime- 
mover shaft. ‘For clarity the connection between the 
two variable-speed elements is shown as an electrical 
one, with a control unit permitting any desired speed 
ratio in either direction as well as power flow in 
either direction. The electrical drive could, with cer- 
tain limitations, be replaced by any of a variety of 
mechanical or hydraulic variable-speed transmissions. 
A brake on the same shaft as the ring gear C is pro- 
vided for use when a fixed-ratio mechanical drive is 
desired. 

For practical purposes the planetary unit may be 
assumed to have 100 per cent efficiency. However, 
the variable-speed or torque converter unit will usual- 
ly have a lower efficiency, which must be taken into 
account in the analysis. Purpose of the analysis is 
to determine the speed, torque and horsepower trans- 
mitted by each element at several selected speed ra- 
tios, providing data for the design or selection of the 
unit. 

Torque analysis may be based on either the output 
torque or input torque, one of which must be as 
sumed. Sometimes it is more convenient to assume 
the output torque and work back, inasmuch as there 
is only one output from the planetary unit but two 
inputs to it. However, if efficiency of the torque con- 
verter unit must be considered, it may be just as 
simple to calculate all torques as percentages of the 
input torque at the prime mover. By simple propor- 
tion the torques can later be expressed in terms of 
the output torque, if desired. 

Considering the system shown in Fig. 2, the power 
delivered to gear C by the torque converter D-C is 
less than the power taken off the shaft at D, the re 
lation being 
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If the conditions of operation should be such that 
power flows in the opposite direction, the efficiency 
factor should, of course, be transferred to the op- 
posite side of the equation 


ee, = Nets ...- _. (12a) 


In order to solve for the unknown torques, one 
more relationship is required. The input torque is 
the sum of the torques leaving the input shaft at D 
and at B or 

Ee cen bs so tee oa an 


Substituting for 7, from Equation 10 and for T, frora 
Equation 12, Equation 13 becomes 


=r NRT, = eN,T, aad eN,T, 
Solving for T,, and noting that N, = N, 
T. 
R N, 
— xX 
e N. 


(14) 





1— 





Other torques may be found from Equations 6, 10, 
and 13. The necessary formulas are summarized in 
Fig. 2. If it is found that power flows backward 
through C-D, the term e in Equation 14 should be re- 
placed by the reciprocal of the efficiency. 

A special case of Fig. 2 is shown in Fig. 3, in which 
a bevel gear differential, for which R = —1, is used. 

By transposing the elements of the planetary unit. 
the arrangement shown in Fig. 4 results. By similar 
process of analysis the equations shown on the figure 
may be developed. These are on the basis of power 
fow from D to A through the torque converter, and 
again the reciprocal of efficiency must be used if 
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Fig. 3—Differential drive similar to Fig. 2 but employing 
bevel gear differential in place of planetary unit 


power flows in the opposite direction. 

Power transmitted through each branch is the proa- 
uct of torque and speed, in calculating which the 
proper signs must be retained. If power through a 
branch is negative, this means that the system is re- 
generative, and it will be found in such cases that 
power flow in the other branch is greater than the 
total. 


EXAMPLE 1: To illustrate the foregoing analysis 


TABLE I--Relative speeds, torques and horsepowers of differential drive, Fig. 3 















































——Speeds—— er Power Class of 
&% of Input % of Input % of Input Drive 
N, N, “T,=T. T,=T,—T, Ta oy P, Total 
200 300 ~=©=—— 25.0 75.0 50.0 2.0 75.0 100.0 Nonregenerative 
150 200 33.3 66.7 —66.7 33.3 66.7 100.0 Overdrive 
i00 100 50.0 50.0 —100.0 50.0 50.0 100.0 
90 380 55.5 44.5 —111.1 55.5 44.5 100.0 Nonregenerative 
80 60 62.5 37.5 —125.0 62.5 37.5 100.0 Reduction 
70 40 71.4 28.6 —141.8 71.4 28.6 100.0 Drive 
60 20 83.3 16.7 —166.7 83.3 16.7 100.0 
50 ie’ cn 100.0 0 £—200.0 100.0 0 100.0 Mechanical 
~~ —_ i—_-_ - am "250.0 125.0 —25.0 150.0 
30 —40 166.7 —66.7 —333.3 166.7 —66.7 233.4 Regenerative 
20 —60 250.0 —150.0 —500.0 250.0 —150.0 400.0 Reduction 
10 —s80 500.0 —400.0 —1000.0 500.0 —400.0 900.0 Drive 
0 —100 oo i) i) ) oo C) 
—— —500.0 600.0 1000.0 —500.0 600.0 1100.0 
—20 —140 —250.0 350.0 500.0 —250.0 350.0 600.0 Regenerative 
—40 —180 —125.0 225.0 250.0 —125.0 225.0 350.0 Reverse 
—60 —220 —83.3 183.3 166.7 —83.3 183.3 266.6 Reduction 
—80 —260 —62.5 162.5 125.0 —62.5 162.5 225.0 Drive 
—100 —300 —50.0 150.0 100.0 —50.0 150.0 200.0 
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with respect to Fig. 2, consider a system with a 
planetary unit having R = —2 operating with input 
speed N, = 100 and output speed N, = 50. Under 
this condition the gear C, from Equation 3, has 
a speed of 25. The torque converter is there- 
fore operating at a speed ratio N,/N, = 0.25 
(a reduction of 4 to 1). Assuming that its 
efficiency at this point is 75 per cent, the torque T, 
can be calculated from Equation 14 and is found to 
be 60. From Equation 10, 7, = 120 and from Equa- 
tion 6, T, = -—180. (The minus sign merely indi- 
cates that external torque applied at the output end 
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Fig. 4—Another type of differential drive, employing the 
same elements as in Fig. 3 in a different arrangement 


is opposite to that applied at the input end.) If the 
efficiency had been 100 per cent, the output torque 
would have been —200, hence the actual overall ef- 
ficiency is 90 per cent. This demonstrates that the 
differential drive makes possible a higher overall ef- 
ficiency (90 per cent) than is attained by the torque 
converter itself (75 per cent). 


EXAMPLE 2: To show how a regenerative system 
gives a different result, consider a similar system in 
which the only change is the addition of an idler 
pinion in the planetary unit, making the value of R 
= +2 instead of —2. For the same speed ratio 
(N, = 100 and N, = 50) the speed of N, is now 75, 
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and the torque converter is operating at a speed ratio 
of 0.75. Assuming the same efficiency as before (75 
per cent) the torque 7, (from Equation 14) is found 
to be —100, T, = +200 and T, = —100. Inasmuch 
as the output torque would have been — 200 with 100 
per cent efficiency, the actual efficiency of this re. 
generative system is only 50 per cent. This is he. 
cause the torque converter unit takes out more torque 
than the prime mover supplies (Tz = T, — T, = 
100 — —100 = 200) but transmits it to C at only 75 
per cent efficiency. Because twice as much power is 
transmitted with 25 per cent loss, the overall loss is 
50 per cent of the total power. 


EXAMPLE 3: Another example of a regenerative 
system results when the system of Fig. 4 is used to 
transmit a considerable speed reduction with speed 
reversal. Thus, ifR = —2,N, = 100 and N, = —20, 
(the minus sign indicating a reversing drive) with 
a torque converter efficiency 75 per cent, the equa- 
tions in Fig. 4 show that N, = +20, T, = 500, T, = 
1000, T, = —1500, for T, = 100. Critical examina- 
tion of these figures reveals an absurdity. With a 
speed change from 100 to —20 the output torque 7, 
would be only 500 with 100 per cent torque converter 
efficiency. To make possible the result obtained, 
power would have to be added somewhere. The 
proper interpretation of the foregoing result is, of 
course, that power is actually flowing backward 
through the torque converter, and the efficiency ¢ 
in the equation for 7, in Fig. 4 should be replaced by 
the reciprocal of efficiency. When this is done 
the torque values become 7, = 182, T, = 364, and 
T, = -—546. The overall efficiency is therefore 
364/500 = 0.728 or 72.8 per cent, only slightly less 
than the torque converter efficiency. This is because 
the backward power flow through the torque con- 
verter (N,T, = 20 x -—546 =  -—10,920) is only 
slightly greater than the input (100 x 100 = 10, 
000). 

To show how a drive may be made to function 
either regeneratively or nonregeneratively, depending 
upon the overall speed ratio, TABLE I has been pre- 
pared for the simplified case of Fig. 3 with 100 per 
cent torque converter efficiency. It will be observed 
that in all cases the net power output P, + P, is 
equal to 100 per cent of the input, but the total power 
transmitted through the differential may be many 
times this amount when the drive is operating reget: 
eratively. For example, at an output speed N, equal 
to 10 per cent of input, 500 per cent of input power 
enters the differential unit through the sun gear B. 
Of this, 100 leaves the unit through the carrier to 
the output shaft A and the remaining 400 goes back 
into the drive through bevel gear C and the torque 
converter. This is sometimes referred to as “circu 
lating horsepower”; it overloads the drive elements 
and has been known to cause serious failure. 
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four-Way Selector Valve 


Cam - operated selector 
valve provides a_ simple 
means of controlling flow to 
remote actuating cylinders 
of hydraulic systems. Light 
and compact, the valve con- 
sists of aluminum - alloy 
body which houses spring- 
loaded balanced type poppet valves, interconnected 
by ducts. Rotation of camshaft, opens proper com- 
bination of poppets to direct the fluid to desired loca- 
tion. Manufacturer: Electrol Inc., Kingston, N. Y. 


For further information circle MD 1 on Page 279 








Thin Ball Bearings 


Having a cross-sectional area as much as 66 per 
cent smaller than that of conventional bearings of 
equal sizes, XLS series are light and compact and 
capable of taking thrust in either direction. They 
are made in sizes from 1%4-inch to 10-inch bore with 
outside diameters ranging from 2 9/16 inches to 1344 
inches. Applications include thin wall housings and 
other uses where space is at a premium. Manufac- 
turer: The Federal Bearings Co., Inc., Poughkeepsie, 
N. Y. 


For further information circle MD 2 on Page 279 





Flash Timers 


Interrupter or flash 
timers will produce up 
to 72 low - current 
pulses per minute. 
They are recommended 
for use in electronic 
heating circuits or 
other circuits requir- 
ing repeated pulses of 
constant and predeter- 
mined accuracy. 
Known as series No. 
5400, the timers meas- 
ure 3 by 2 5/16 by 2% 
inches. They consist 
of a series 1600 timer together with a 4-lobe cam 
and a miniature snap switch rated 5 amperes at 125 
Volts a-c. Accuracy of the assembly is plus or minus 
20 per cent of the time cycle. Range is from 72 
Pulses per minute (each 0.4-second) to 1 pulse every 
2 minutes (each 1 minute in duration) . Typical in- 
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‘For additional information on these new developments see Page 279 





termediate flash rates are 60, 40, 30, 20, 10, 5, 3, 2 
and 1 pulse per minute. Manufacturer: Haydon 
Mfg. Co. Inc., 245 E. Elm St., Torrington, Conn. 


For further information circle MD 3 on Page 279 





Magnetic Multipole Relays 


Two new d-c mag- 
netic multipole relays 
have been added to 
the Square D line of 
controls. Designated 
types Q and R, the re- 
lays are cimilar in fea- 
tures and characteris- 
tics to the a-c multi- 
pole contactors made 
by the same manufac- 
turer. They are suit- 
able for operation on 
voltages up to 250 and 
utilize double - break 
silver-to-silver contacts which are readily converted 
from normally-open to normally-closed without addi- 
tional parts. The relays are steel-panel mounted and 
insulated to permit direct mounting on grounded 
metal panels. All terminals are accessible from the 
front and are equipped with two wiring clips to ac- 
commodate the multiple connections. Type Q is avail- 
able with from 2 to 6 poles. Type R, a heavier re- 
lay, is available with from 2 to 5 poles in any com- 
bination of normally-open and closed circuits. Manu- 
facturer: Industrial controller division, Square D 
Co., 4041 N. Richards St., Milwaukee 12. 


For further information circle MD 4 on Page 279 








Electronic Amplidyne 


Consisting of a 
high-gain bal- 
anced d-c elec- 
tronic amplifier 
and a motor am- 
plidyne, new unit 
is useful in many 
types of motor 
control where 
precise regulation 
of current, volt- 
age and speed is necessary. The unit is designed for 
use as a regulated, adjustable-voltage power supply 
for d-c motors up to 1% hp and as a regulated ex- 
citer for larger adjustable-voltage drives up to 200 
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hp. It has an output of 14% kw, at 250 volts and is 
arranged for use on either a 220 or 440 volt, 3-phase, 
60-cycle supply. Making possible a speed range of 
20 to 1 or greater, the amplidyne maintains speed 
closely at any setting regardless of load conditions, 
assuring smooth rapid acceleration and reducing 
starting shock on the driven machine. Manufacturer: 
General Electric Co., Schenectady 5, N. Y. 
For further information circle MD 5 on Page 279 





Teflon Packing for Shafts 


Chemlon line of shaft 
packing is made of Teflon 
and will withstand acid and 
caustics to almost 700 F. 
Wear of shafts is reduced 
by the nonadhesive charac- 
teristics of the Teflon. The 
material is available in sev- 
eral forms: Style 706 is a 
braided packing furnished 
in sizes from 4% to 1 inch 
diameters. It is treated 
with a special chemically re- 
sistant lubricant that in it- 
self is unaffected by acids or caustics to 300 F. 
Style 704, made in the same sizes, has no added lu- 
bricant and is specified for temperatures in excess of 
300 F. Two styles of ring packing are made: Types 
772 and 776. 772 contains no lubricant and 776 is 
impregnated with graphite throughout its fibrous 
structure. Manufacturer: Crane Packing Co., 1800 
Cuyler Ave., Chicago 13. 

For further information circle MD 6 on Page 279 








Improved Universal Joint 


Heat generation has been 
greatly reduced in Curtis 
line of universal joints rang- 
ing in size from 1% ‘to 4 
inches. Center block now 
used has shallow grooves on 
each of its four bearing sur- 
faces, dividing each surface 
into four areas. By reduc- 
ing the size of the areas sub- 
ject to friction, a more even distribution of lubricant, 
and therefore of wear, is experienced. As a result, 
joints have reduced failure at excessive torque or 
transmission angle. Manufacturer: Curtis Universal 
Joint Co. Inc., Springfield, Mass. 


For further information circle MD 7 on Page 279 








Coolant Pumps 


Two new coolant pumps have been added to the 
Allis-Chalmers Norwood line of pumps. Designed for 
general circulation duty, the pumps are of the low- 
head, single-stage, close-coupled type. One is vertical 
and operates submerged; the other is a side-wall 
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mounted unit. The submerged pump, known as type 
KF, is designed for use on machines requiring a 
large coolant tank. Having no stuffing box, the 
pump is especially suitable for handling liquids con- 
taining large amounts of solids, chips or suspended 
abrasive particles. The side-wall mounted pump, 
also designed for handling gritty and abrasive mate. 
rials in suspension, is known as type KW. It is 
available with two different length adapters depend- 
ing on the depth of the coolant reservoir. Impellers 
of both pumps are of cast, corrosion-resistant, zine- 
free bronze. Both units are made in 4 to 1-hp sizes 
and will operate against 10 to 70-ft heads. Manu- 
facturer: Allis-Chalmers Mfg. Co., Milwaukee 1. 


For further information circle MD 8 on Page 279 





Roller Gravity Conveyor 


Two new widths have been added to the line of 
Rapid-Roller gravity conveyors. Supplementing the 
original widths of 12 and 18 inches, the new widths 
of 15 and 24 inches are also manufactured in either 





5 or 10-foot lengths. The conveyor channel is 3% 
inches deep and 1 inch wide and is reinforced with 
cross angles. Rollers are 2 inches in diameter and 
are formed of 16-gage steel. Manufacturer: Rapids- 
Standard Co. Inc., Dept. RR-139, 342 Rapistan Bldg., 
Grand Rapids 2, Mich. 

For further information circle MD 9 on Page 279 





Diaphragm Type Air Compressors 


Particularly suitable 
for low-pressure, high- 
volume _ applications, 
two new fractional- 
horsepower diaphragm 
type air compressors 
deliver 100 per cent oil- 
free air. Model 17-C 
delivers 4.4 cfm at 40 
psi. Powered with 4 
1%4-hp motor it utilizes 
permanently lubricated sealed ball bearings and has 
twin air cleaners. Particular feature of this model is 
use of welded-steel frame to provide stability. Model 
8-C delivers 2.2 cfm at 25 psi and is powered by 4 
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ROM coast to coast these twenty Johnson 
Bronze warehouses make available standard 
sleeve bearings in a full range of sizes. They stock General Purpose 
Bronze Bearings, Electric Motor Bearings, Automotive Bearings 
and Bushings, and Universal Bronze Bars. In addition, industrial 
supply distributors, electric motor distributors, and automotive 
jobbers maintain large stocks of Johnson Bronze bearings in all 


For special sleeve bearings or blueprint requirements, you 
may call in the Johnson Bronze district manager who is located in 


your locality. 
Thus . 


you are located . . . whatever you need. 


JOHNSON BRONZE COMPANY 
525 SOUTH MILL ST. 





NEW CASTLE, PA. 





JORNEOR 


SLEENE WENN WRNUALIRTTRS 


. » you are assured prompt bearing service wherever 













%4-hp motor. Equipped with a single air cleaner, the 

model has force-feed oil system, assuring positive lu- 

brication. Manufacturer: Kellogg Div., American 

Brake Shoe Co., 97 Humbolt St., Rochester 9, N. Y. 
For further information circle MD 10 on Page 279 


————— 


Memory Relay 


Consisting of two mechanically interlocked relays 
and a single-pole snap switch operated by an inter- 
locking bar, Phil-trol relay No. 27-27 serves as a 





safety device. Switch will remain in position if only 
one relay is operated, or if the relay is de-energized 
and re-operated. Only when the second relay is 
energized will the snap switch return to its first posi- 
tion. The unit is made for use with all d-c voltages 
up to 230 and may have from 1 to 5 poles in single 
or double-throw combinations. Contact capacity is 
either 10 or 20 amperes; dimensions are 434 inches 
long, 2144 inches wide and 2% inches high. Manu- 
facturer: Phillips Control Corp., 612 N. Michigan 
Ave., Chicago 11. 
For further information circle MD 11 on Page 279 





Cylindrical Roller Bearings 


Featuring the use of a 
one-piece steel retainer, Tru- 
Rol bearings are said to 
achieve long life because of 
the roller alignment assured 
by the deep, broad double 
flanges of the retainer. The 
new line of bearings are 
manufactured in a range of 
sizes conforming with SAE 
standards; BE-1200 and BE- 
1300 series corresponding to 
the single row type of the 
200 and 300 sizes, respectively. The BE-5200 series 
corresponds to the wide type. Additional feature of 
the bearings is the use of deep ring grooves in the in- 
side of the outer race, snap rings, engaging the 
groove hold the assembly in place. All bearings in 
the line can be applied with or without the inner 
race. Manufacturer: Rollway Bearing Co. Inc., 541 
Seymour St., Syracuse 4, N. Y. 

For further information circle MD 12 on Page 279 
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Serrated Shafts and Pinions 






Tapered serrated gear ani 
pinion sets are designed 
provide high strength an 
long life. Need for keys j 
eliminated and strength i 
increased up to 50 per cent 
over conventional joints 
Available in a wide range of 
standard sizes, the sh 
and pinions can also 
specially designed to mee 
special requirements. Manufacturer: Pittsburgh Gea 
Co., 27th and Smallman Sts., Pittsburgh 22. 


For further information circle MD 13 on Page 279 


a 

















Single-Phase Gearmotors 


Four sizes—1/6, 1/4, 1/3 and 1/2-hp—compris 
the TEC line of gear motors. Made in output speeds 
ranging from 16 to 340 rpm, the motors will operate 
on either single or three-phase power. Features of the 
units include new design which obviates need for 
brushes or centrifugal switches. Motors have sted 





frames with magnesium end bells; gear housings at 
heavy cast iron. Manufacturer: Triad Engineerit{ 
Corp., 2414 S. LaSalle St., Chicago 16. 


For further information circle MD 14 on Page 279 





Pilot-Actuated Solenoid-Controlled Valve 


Fast-acting, pilot-act uated 
solenoid-controlled, t h re e-w4) 
valve is suitable for use will 
air, water, and light oils, Thi 
new unit, designated model 103! 
is available for pressures from 2 
to 140 psi and is made in eith# 
normally-open or normally-clos¢ 
types. It is of cast-bronze ci 
struction with stainless ball valv 
arranged between bronze sea! 
Conversion to straight shut-off operation can ™ 
made by merely plugging the exhaust port. Stands 
sizes range from 14-inch to 114 inch; the %4-i0° 
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New OZACLOTH... 





improves even your best drawing! 


Order an Ozacloth print of your best pencil or ink 
drawing...and you'll be the first to admit the improve- 
ment. 


For Ozacloth has characteristics never present in an 
original drawing... never offered before in an “Interme- 
diate” print: 

1, OZACLOTH increases the opacity of pencil and ink 
images...gives you a translucent “duplicate” which pro- 
duces better prints than the original. 


2. OZACLOTH retains this improved line detail through 
the years. You have permanent sepia images—no pencil 
lines to smudge. No ink lines to run. No “surface” images 
to chip. No loss of opacity or reduction in reprint speed. 


3. OZACLOTH resists wear and tear...has a superior 
tracing cloth base...that’s plastic coated...impervious to 
water, grease, grime. Besides, Ozacloth can be cleaned 
with a damp cloth in seconds...and its images will not 
“offset” onto other prints in your files. 


4. OZACLOTH speeds up print production...is proc- 
essed in usual manner in your Ozalid machine...turns 
out subsequent prints in 26 seconds or less. 

5. OZACLOTH “corrects” in seconds. Deletions can be 
made with corrector fluid, or sand eraser—easily, pre- 
cisely. Additions can be made in pencil or ink on either 
side of matte surface. 

6. OZACLOTH cuts costs! For example, you can make 
a permanent 81 x 11 print for 26 cents; a 11x17 print 
for 52 cents. A fraction of the cost of your original draw- 
ing... yet full insurance for years to come! 


Mail coupon today for free Ozacloth sample. 








DEPT. NO.95 





OZALID, A Division of General Aniline & Film 

Corporation, Johnson City, New York 

Gentlemen: 

0 Please send free sample of new Ozacloth. 

0 Please send complete information on Ozalid process. 
No obligation. 

















Ozalid in Canada — Hughes Owens Co., Ltd., Montreal 
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new pada and materials 


size, for example, weighs 5144 pounds and measures 
24%, by 444 by 7% inches. All valves in the line are 
supplied with screw-in type solenoids which are 
available to operate on any standard voltage either 
a-c or d-c. Manufacturer: Crescent Valve Co., 6073 
State St., Huntington Park, Calif. 

For further information circle MD 15 on Page 279 





Large Dial Electric Meters 


Featuring 100-degree scale arc and 514-inch scale 
length, model 56 ammeter fills the gap between 414 
and 8-inch meters. Instrument measures 614 by 51,4 
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inches, has Bakelite case, and uses Alnico magnets 

for all current ranges. Manufacturer: Marion Elec- 

tric Instrument Co., Manchester, New Hampshire. 
For further information circle MD 16 on Page 279 





Heavy-Duty Time Switches 


Several major improvements have been made in the 
Sangamo line of heavy-duty time switches. They are 
now each equipped with a fully-encosed hysteresis- 





synchronous low-speed motor, providing high start- 
ing and operating torque. New replaceable bearing 
system is lubricated with a special silicone product, 
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preventing it from being affected by tempereill 
and the motor is housed in a molded shell to protect 
the insulation. A closer time limit between settingy 
is possible with the new timers, permitting a wider 
range of applications, the minimum time betweep 
setting of the off and on periods being 90 minuteg 
Time interval between on and off periods is 30 mim 
utes. Manual tripping can be done at any time with 
out disturbing the automatic operation. Manufag 
turer: Sangamo Electric Co., Springfield, Ill. 


For further information circle MD 17 on Page 279 





Plug-Type Terminal 


Providing easy, 
convenient method 
of installing connec- 
tions on leads of 
electrical apparatus, 
plug type terminal 
known as Shur-Plug 
is suitable for use 
with 16-14 wire size. 
Crimped type con- 
nection has high 
electrical conductiv- 
ity and corrosion 
resistance. The fittings are suitable for stranded 
wire and are designed to make perfect plug-in con- 
nections with standard female fittings. Manufacturer: 
Aircraft-Marine Products Inc., 1580 N. 4th St., Har- 
risburg, Pa. 

For further information circle MD 18 on Page 279 








Polished Sapphire Balls 


Polished synthetic sapphire balls, ground to an ac- 
curacy of 0.000010-inch, are homogeneous and not 
subject to stress concentration owing to surface de 
fects or to creep phenomena. Recommended for high 
temperature bearing applications or use under corro- 
sive conditions, they need no lubrication. Clear 
sapphire balls are available in the following sizes: 1 
mm; 1/16, % and 14-inch diameter. Manufacturer: 
Linde Air Products Co., 30 E. 42nd St., New York 1. 


For further information circle MD 19 on Page 279 





Interlock Door Switch 


Designed for use on 
the types of apparatus 
where electrical cir- 
cuits, etc., might be 
dangerous to the op- 
erating or maintenance 
personnel, the _ inter- 
lock door switch cuts 
off power circuit when the cabinet door is opened. 
The service ;personnel can, however, close the circuit 
for checking by manually moving the actuator. The 
design eliminates the hazard of forgetting to repost 
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Reduces 182 Lubrication Points to One! 


“Adds Productive Time to Machines with Faster, More 
Efficient Handling and Application of Lubricants 


Protect Those Machines You Design 
from Human Error 


Human error in lubrication can easily 
destroy the efficiency of the best designed 
machine. A five minute conference with 
an Alemite Representative may well re- 
veal modern features that make lubrica- 
tion foolproof. This man is fully qualified 
to help you because he is a specialist in 
modern methods of handling and apply- 
ing lubricants. Write to Alemite, 1804 
Diversey Parkway, Chicago 14, Illinois. 
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Whether it’s only one hard to reach bear- 
ing on a machine or 182 lubrication points 
on another, they can all be perfectly lubri- 
cated by this modern Alemite Method. 
With one hand, and a few strokes on a 
handle, any bearing, no matter how re- 
mote, is lubricated completely in seconds 
from one safe, central point while the 
machine keeps on producing! 

An Alemite Centralized Lubrication Sys- 
tem eliminates “human error,” adds more 
productive time to any machine. It de- 
livers a measured amount of lubricant to 
each bearing, then signals when the job is 
completed. Result—no costly bearing fail- 
ures due to hit-or-miss, feast-or-famine 
lubrication. 

Just one of many ways that Alemite 
Methods help industry cut production 
costs through simplified lubrication proce- 


dures. And the Alemite Representative can 
show case after case where a time study 
analysis has proved that his methods re- 
duce maintenance costs. These methods 
eliminate costly, time-consuming handling 
of oils and greases...slash shutdown time 
for lubrication ... completely mechanize 
lubrication from barrel-to-bearing ... save 
grease ... keep dirt and moisture out of 
lubricants. These benefits all add up to 
lower production costs and longer machin- 
ery life. Get the complete facts, today. 


ALEMITE 


MODERN LUBRICATION METHODS 
WARNER| THAT CUT PRODUCTION COSTS 
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tion the switch to the safe position, since closing the 
door returns the actuator to normal position. Pro- 
‘vision is made for mounting on two faces, and the 
actuator rod has a deep threaded hole for acceptance 
of an adjustable-length actuator pin or button. The 
switch, type 1AC1, is a single-pole double-throw unit 
rated 10 amperes at 125 volts a-c. Manufacturer: 
Micro Switch, Freeport, Ill. 


For further information circle MD 20 on Page 279 





Reciprocating Solenoids 


Consisting of two solenoids mounted in tandem, 


the RD 325 solenoid operates through a common — 


plunger. The individual solenoids operate one at 
a time, the plunger moving in one direction and being 
held there until the solenoid becomes de-energized. 
Units are made in two types, two position and the 
three position. In the former, the plunger can be in 





either extreme position when the solenoids are 
energized. When unenergized, the plunger is floating 
and its position is not controlled. In the latter type. 
the plunger returns to a neutral position when both 
solenoids are de-energized. Manufacturer: Trombetta 
Solenoid Co., 329 Milwaukee St., Milwaukee 2. 

For further information circle MD 21 on Page 279 





Relay Assembly for Indicator Circuits 


Relay bank is designed for indicator circuits where 
numbers and signals, such as light or sound, are in 
sequence. When a coil is energized, the armature 
movement releases the reset arm. Arm then ac- 
tuates switch combinations in the desired sequence, 
making or breaking depending upon the position of 
the arm. Armature cannot be released until reset 
arm is returned to the normal position. A lower bar 
extending across the bank resets the arm and arma- 
ture on the relays. This bar may be actuated either 
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mechanically or electrically. Manufacturer: G , 
ian Electric Mfg. Co., Dept. T-11, 1601 Walnut § 


Chicago 12. 
For further information circle MD 22 on Page 279 


Plastic-Foam Insulating Material ; | 


Combining low thermal conductivity with light 
weight, plastic insulating material is particularly | 
suitable for insulating trucks, railroad cars and aip 
planes as well as portable equipment. The snom 
white plastic is made in shredded or block form. Tig 
shredded material has a density of from 0.8 to 1} 
per cut ft; block insulation weighs from 0.8 to 1} 
Ib per cu ft. Blocks and slabs can be made ing 
variety of shapes and sizes and surfaced with paper, 
cloth or resin coatings. Thermal conductivity of th 
shredded form is 0.173 to 0.208 Btu per hr per sq ff 
per in. over a temperature range from 9 F to 100F 
Conductivity of the block material over the same tem 
perature range is 0.20 to 0.23. Manufacturer: Unit 
ed States Rubber Co., Rockefeller Center, New York 

For further information circle MD 23 on Page 279 








Hydraulic and Pneumatic Relief Valves 


Relief valves for use with fluid 
pressures between zero and 45) 
psi are adjusted by positioning 4 
threaded cap which varies spri 
pressure on a shut-off pistol 
Made with either metal-to-metal 
seat for hydraulic application o 
O-ring-to-metal seats, for pnet 
matic use, the units are made df 
brass or aluminum with stainles 
steel springs and pistons. S& 
standard sizes from ¥% to %,-indh 
are made. Ratings available ar 
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0-15, 10-50, 40-125, 115-250, and 235-450 psi. Mant 


facturer: Parker Appliance Co., 17325 Euclid Avé, 
Cleveland 12. 


For further information circle MD 24 on Page 279 





Piston-Type Hydraulic Pump 


Four-piston hy- 
draulic pump will 
operate in either di- 
rection of rotation 
and deliver fluid at 
pressures to 3000 
psi. The pump mech- 
anism, which weighs 
only 30 pounds, has 
four horizontally op- 
posed pistons. Re- 
lief valves are in- 
corporated in the 
pump and factory set at the desired pressure. + 
1200 rpm driven speed, discharge pressure may 
from 0 to 3000 psi with 5.4 to 3.0 gpm delivery. Dit 
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Tough Bolts . 


Rugged Work 














These big, rugged bolts for heavy 
- tractors, earth-moving equipment 
and heavy machinery are the “work 
horses” that handle unusually tough 
fastening jobs. Made from high 
carbon or alloy steel, with special 


heat-treatment, these bolts, when 





tightened, have extremely high resistance to stress, shear, 
fatigue and impact to prevent wear or breakage. They are 
made to perform hard tasks. 

For special fastening jobs, “National” has designed and 
produced many special headed and threaded fasteners by 
the upset, cold headed process that have proved stronger 
and lowered costs. With its wide variety of manufacturing 
equipment used to make the most complete line of bolts, 
nuts, screws and other fasteners, ““National”’ has the facili- 
ties to supply you with the right fasteners (large and small, 
standard or special) to make the products you manufacture 


fit better—stay tighter—or operate more smoothly. 


Nationa 








id 
/HITHE NATIONAL SCREW & MFG. COMPANY, CLEVELAND 4, OHIO 
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charge pressure is practically independent of driven 
speed. Manufacturer: Miller Hydraulic Engineering 
and Sales, 3615 Hart St., Detroit 14. 

For further information circle MD 25 on Page 279 





Direct-Operated Solenoid Valve 
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Designed to 
eliminate packing 
requirements, 
type DS-2 valve 
has a removable 
rubber seat which 
provides a_leak- 
proof seal. The 
valve requires no 
pilot or other me- 
dium for opera- 
tion. Its effective 
orifice area is 
equal to that of the pipe and it is suitable for opera- 
tion on a-c or d-c and for use with oil, water, steam, 
air or process gases. Manufacturer: Airmatic Valve 
Inc., 1643 E. 40th St., Cleveland. 


For further information circle MD 26 on Page 279 








Photoelectric Switch 


Sensitive only to light re- 
ceived from within a 5-de- 
gree arc, the Electronic 
Handyman photoelectric 
switch will measure light 
intensity as well as act as 
as a switch. A 2-inch di- 
ameter light-gathering lens 
together with a directional 
internal optical system 
makes possible various control applications without 
,use of a sensitivity adjustment. The switch operates 
from 110-volts a-c and measures 4% by 51% by 414 
inches. Manufacturer: John T. O’Connor & Co., 220 S. 
Valley Rd., West Orange, N. J. 


For further information circle MD 27 on Page 279 








Single-Pole Medium-Power Relay 


Medium - power 
type AS relay is 
made in less than 
one-inch width, fa- 
cilitating its use in 
cramped _installa- 
tions. Dimensions 
are 15% inches 
long, 1 13/16 
inches high, and 
15/16-inch wide. 
Weight is only 50 
grams. Rated one 
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watt, the relay is made for both a-c and d-c open: 
tion and in contact arrangements including no 

closed, normally open or double throw. Its oad 
rating is 5 amperes at 24 volts de or 110 volts » 
Type AS is insulated from the frame and a modifi 
cation, type AR, is grounded to the frame but sim, 
ilar to AS in all other respects. Manufacturer: 4. 
lied Control Co. Inc., 2 East End Ave., New York 21 


For further information circle MD 28 on Page 279 





Vibrator-Type Motor 


Electric motor, known as the Vibratol, functions by 
means of high-efficiency a-c vibrator driving throug) 
a one-way clutch. Motor has the advantages of thf 








induction motor with the desirable performance char 
acteristics of the series motor; thus has high starting 
torque, high overload capacity and good speed reg; 
ulation. It creates no radio interference since the 
are no brushes or contacts to spark. Power require 
ments are 115 volts, 60-cycle current. Manufacturer: 
Piqua Machine and Mfg. Co., Piqua, Ohio. 


For further information circle MD 29 on Page 279 





Automatically Sealing Couplings 


Combining automatic sealing with quick discor 
necting, the series 1300 coupling is available with 
valve in either or both halves, of the coupling. Whe 











used together, the valves actuate one another so # 
to open when assembled and close when disassemble 
Designed for trouble-free operation over a wide pre 
sure and temperature range, the coupling is aval 
able in sizes from 1% to 2 inches in Dural, bronze @ 
steel. It is vibration proof and incorporates a fv 
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recessed head screws. 


America’s Most Modern 
Screw invites you to make 
your own comparison... to 





evaluate these exclusive 
CLUTCH HEAD features...right 


UNITED SCREW AND BOLT 
CLEVELAND 2 CHICAGO 8 
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‘ous CLUTCH HEAD Yrcctce Comparison ‘ai 
Weith ALL Othez Screws... Ti 


. » » RECESSED HEADS AS WELL AS SLOTTED 


It is generally conceded that recessed head screws have outmoded the 
use of slotted head screws on modern assembly lines. For that reason, 
CLUTCH HEAD user quotations. . . recording production increases rang- 
ing from 15% to 50% ... are based on comparison with other types of 


COMMON 


Only Clutch Head provides Center-Pivot entry for safe automatic straight driving. 
Only Clutch Head has non-tapered driving to eliminate the skid hazard of “ride-out.” 
Only Clutch Head offers this all-square driving contact as a safety factor. 

Only Clutch Head eliminates the fatigue of end pressure for easier, faster driving. 

Only Clutch Head has the Lock-On which permits one-handed driving from any angle. 
Only Clutch Head delivers Bit durability that drives up to 214,000 screws, non-stop. 
Only Clutch Head has a recess basically designed for common screwdriver operation, 


at your own desk. Your 
request will bring you, by 
mail, package assortment 
of screws, sample Type “A” 
Bit, and Illustrated Brochure. 


CORPORATION 


NEW YORK 7 











swivelling action that prevents kinking of the hose. 
Manufacturer: Roylyn Inc., 718 W. Wilson Ave., 
Glendale 3, Calif. 


For further information circle MD 30 on Page 279 





Compact Hydraulic Pressure Unit 


t 


Compact power 
unit known as “Paul 
Bunyan Jr.” is cap- 
able of supplying 
three gallons per 
minute of fluid at 
1000 psi. The unit, 
which is_ suitable 
for the operation of 
all types of hydrau- 
lic apparatus, in- 
cludes in an integral 
structure a 17-gal- 
lon storage tank, electric motor, gear pump and 4- 
way operating valve. Entire assembly occupies a 
space 15%-in. wide, 28-in. long and 29-in. high and 
weighs 290 lb. Normally supplied with a 114-hp, 1800 
rpm, 220 or 440-volt motor, the unit can also be used 
with a 214-hp 1200 rpm, air-cooled gasoline engine. 
Manufacturer: Hydro-Power, Inc., Springfield, Ohio. 

For further information circle MD 31 on Page 279 





Epicyclic Drive 


Simple and efficient mechanism for converting 
high-speed rotary motion into slow rotary recipro- 
cation is built as an integral unit with sleeve or rol- 
ler bearings. Design of the drive is said to permit 
considerable flexibility in both speed and stroke, mak- 
ing possible the use of built-in or direct-drive for the 
units where desirable. Where synchronous speeds are 
not required, rolling members may be substituted for 
gears, offering greater manufacturing economy. 
Manufacturer: American Brake Shoe Co., 230 Park 
Ave., New York 17. 

For further information circle MD 32 on Page 279 





Splash-Proof General-Purpose Motors 


New lines of electric 
motors called Perma- 
motors include frac- 
tional-horsepower, inte- 
gral-horsepower single- 
phase and integral- 
horsepower polyphase 
units. The fractional- 
horsepower motors are 
of the capacitor-start 
type having squirrel- 
cage rotors. They are made in frame sizes 56 and 
66. Either bronze sleeve bearings or ball bearings can 
be provided. A quick-break switch and positive- 
acting governor has no sliding collar and is said to 
be the simplest form of governor developed for this 
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purpose. Integral-horsepower motors are of the 
single-phase general purpose capacitor-start type, 
They are made in frames 203, 204, 224 and 225 in 
ratings from 1 to 5 hp. and are essentially squirrel. 
cage motors. Polyphase, squirrel-cage induction 
motors are available in frames 203 and 326. Motorm 
are protected against splash and dirt and fittings 
are readily accessible. Permamotors are furnished in 
aluminum hammer-tone finish; various colors can he 
supplied for special-purpose applications. Manufae- 
turer: A. O. Smith Corp., Milwaukee. 
For further information circle MD 33 on Page 279 
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Close-Differential Current Relay 


Noncreeping  close-differ- 
ential current relay is de 
signed for use in process 
control where actuation is 
by change in current, It 
can be used, for example, 
to determine unbalances in 
circuits or change in current 
in a given circuit. Of a 
positive make and break 
type, it does not creep on 
opening or closing and adjustments are provided to 
permit field variation of factory settings. Maximum 
current capacity is 60 amperes and 1, 2 or 3 coils may 
be used, making the relay suitable for single or poly- 
phase operation. Manufacturer: Automatic Switch 
Co., 387 Lakeside Ave., Orange, N. J. 


For further information circle MD 34 on Page 279 
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Combination Regulating Valve and Gage 


Pneumatic control unit 
consisting of reducing and 
regulating valve and pres- 
sure gage is available in 
four sizes to suit 44, %, % 
and 34-inch pipe. Reducing 
regulating valve reduces 
primary pressure to a de- 
sired working pressure, 
automatically maintaining 
values required. Pressure gage records the working 
pressure. Each unit is provided with two rubber 
shock-absorbing vibration dampeners to protect valve 
and gage. Controllers are recommended for regulat- 
ing pressures from 5 to 150 psi. Manufacturer: Day- 
ton Rogers Mfg. Co., 2835 Twelfth Ave., Minneapolis 
Fe 





For further information circle MD 35 on Page 279 





Nylon-Reinforced V-Belt 


Having twice the strength and four times the 4 
erage life of conventional V-belts, Nylon-reinforee 
belt is particularly recommended for power transmis 
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For NEW product design and sales advantages... 
Compare YOUR motor needs with 


The NEW COMPLETE /f/5C0 LINE 


of FRACTIONAL H.P. MOTORS 
(Shaded Pole oo to Ys H.P.) 


—= fm — 
a 
com *.. ‘ 1/500 to 1/100 H.-P. 


1/500 to 1/100 H.P. 


a Pb 


1/50 to 1/25 H.P. 


>» © 
sas 
Peete, 4 


1225 to 1/25 H:P. 
x 


1/20 to 1/8 H.P. 


1/50 to 1/25 H.P. 


WRITE FOR NEW CATALOG sre encincer and designer 
F. A. SMITH MANUFACTURING CO., INC., 550 DAVIS ST., ROCHESTER 2, N.Y. 
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sion on equipment subject to rough usage. The belt 
contains a series of Nylon cords covered with a 
special synthetic rubber compound capable of with- 
standing the deteriorating effects of heat and oil. 
Distributed under the name Super-Service V-Belt, the 
belt will be made in fractional and integral sizes. 
Manufacturer: United States Rubber Co., Rocke- 
feller Center, New York. 
For further information circle MD 36 on Page 279 









































Speed-Control Valve 


Speed-tontrol valve for use with hydraulic and 
pneumatic systems has a brass body and is suitable 
for use with oil, water or any hydraulic fluid. The 
compact unit has a wide range of adjustment 
achieved by turning the sleeve. It can be inserted at 
any point in a line and removed or replaced any 
time without disturbing the piping.’ Manufacturer: 
Galland-Henning Mfg. Co., Milwaukee 7. 

For further information circle MD 37 on Page 279 





Hydraulic System 


Consisting of hand pump, 
reservoir, two selector 
valves, and relief and check 
valves, Powerpak hydraulic 
control is capable of produc- 
ing controlled pressures 
from zero to 1500 psi. The 
unit stands 414 inches high, 
has a base measuring 34% 
by 4 inches; %-inch ports 
can be modified to suit indi- 
vidual needs. The reservoir 
capacity can be varied to 
meet individual require- 
ments and a power driven 
pump can be utilized by 
connection to suction and pressure ports provided. 
Manufacturer: Electrol Inc., Kingston, N.Y. 

For further information circle MD 38 on Page 279 








Gearless Fluid Pumps 


Based on the principle 
used in the Eco gearless 
marine pumps, a new line of 
pumps, is designed for gen- 
eral industrial use. They are 
smooth running and have 
double-impeller; bodies are 
‘ stainless steel, Monel, or 
bronze to meet service re- 
quirements. Wearing parts can be easily replaced 
and parts in contact with fluid can be made of ma- 
terial to suit service requirements. Special impellers 
can be provided to suit the characteristics of the 
fluid handled. Units are made in 4%, and %%-inch 
sizes with capacities from 1 to 12 gpm. Delivery 
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pressures up to 50 psi and operating speeds from 
200 to 3500 rpm are available. Manufacturer: Ky 
Engineering Co., 12 New York Ave., Newark 1, N, J, 


For further information circle MD 39 on Page 279 





Hydraulic-Pneumatic Power Unit 


Operating on 3-phase current and 50-psi air pres. 
sure, power unit will feed and rotate shafts rapidly 
and accurately. The unit incorporates a micrometer 
dial which allows adjustment within 0.001-inch. Shaft 
can thus be fed rapidly to chosen point, then slowly 





fed forward at predetermined speed to second point at 
which shaft will stop and then retreat. Maximum 
stroke is 114-inch and feed rate is 0 to 75-inches 
per minute. Motor rating is 14-hp. Manufacturer: 
Cleveland Republic Tool Corp., 1265 Union Commerce 
Bldg., Cleveland. 


For further information circle MD 40 on Page 279 





Miniature High-Ratio Speed Changers 


Multiple-section miniature speed changers are now 
made in units with ratios as high as 3375:1. Over 
500 ratios ranging down to 9:10 are available in units 
measuring 1.050-inch in diameter and 45%-inches 
maximum length. Because of the use of hardened- 
steel permanently lubricated spur gears, speeds a8 
high as 20,000 rpm at the high-speed shaft, and 
torques as high as 2 lb-in. at the low-speed shaft are 
possible. Input and output shafts are concentric and 
supported in ball bearings. Manufacturer: Metrot 
Instrument Co., 432 Lincoln St., Denver 9. 

For further information circle MD 41 on Page 279 
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Worthington CN Centrifuga 
are Pump—its short oversize 
d shaft means better service, 
an longer life. 
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POWER TRANSMISSION: sheaves, V-belts, variable speed drives 





PUMPS: centrifugal, power, rotary, steam 
COMPRESSORS: horizontal, radial, vertical 
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It's Versatile... 


takes whatever 







drive is 


handiest | 


\ 
Meet the ‘“any-drive’’ pump—the new 
Worthington CN many-purpose Centrifu- 
gal that can be driven by the most con- 
venient means available. 


It’s another general utility pump like 
the famous Monobloc—but without the 
motor. The liquid end is mounted on a 
frame, from which the shaft extends to be 
coupled to a motor, fitted with V-belt 
sheave, or what have you. In an emer- 
gency, you can quickly shift to another 
type of drive. 


It’s rugged—designed for overhung pul- 
ley-drive—rigid shaft maintains perfect 
alignment of pump parts. It’s flexible— 
use interchangeably either packed stuffing 
box or mechanical seal. 








More Pumps ‘‘Across the Board’’ 


Worthington makes all types, all sizes of 
standard pumps. When you reach the point 
of specifying a pump for your equipment, re- 
member that no company offers more pumps 
—no company offers: more value in pumps— 
than Worthington.:Send coupon for free bul- 
letin showing why, in pumps, there’s more 
worth in Worthington. 


a Worthington Pump and Machinery Corp. f 
£ Merchandising Division, Dept. A89 t 
: Harrison, New Jersey : 
s [] Send latest bulletin on Worthington [ 
8 Centrifugal Pumps. Any other (type)... ..... i 
: PURE. ccc ccvcccesccwesccecsoesvesees : 
- t 
OPER. sccccceecesceecvecesecsoesce 
: pany t 
§ S60 66. 640040 50600440860 6060 5008 k 
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In order to obtain additional information on this new equipment see Page 279 


Tracing-Reproducing Machine 


Equipped with 

Hanovia type 

printing tube and 

revolving cylin- 

der, the Direc- 

Liner printing 

and _ developing 

machine will ac- 

commodate cut 

sheet and roll 

paper at high 

speeds. Of the 

ammonia - vapor 

type, the develop- 

er-printer is of 

packaged con- 

struction; print- 

ing or developing units may easily be removed and re- 

placed from stock. Manufacturers: Reproduction Prod- 

ucts Co., 12790 Westwood Ave., Detroit 23 and Econ- 

omy Blue Print Products Co., 1714-20 N. Damen 
Ave., Chicago 47. 

For further information circle MD 42 on Page 279 


Radius Template for Circular Arcs 


Drafting template facili- 
tates rapid locating and 
drawing of circular arcs 
over a useful range of radii. 
The template, No. 76, is pre- 
cision cut from 0.030-inch 
mathematical-quality plastic 
with all edges smooth and 
clean. Radii range up to 
37/32-inches in 1/32-inch 
increments. Sizes and radius 
points on the 43%, by 9%,- 
inch template are printed 

on the top side to prevent wearing off. Manufacturer: 
Rapidesign Inc., P. O. Box 592, Glendale, Calif. 
For further information circle MD 43 on Page 279 


Circular-Arc Template 


Instrument known as the model B Arcmeter has 
a radius range from 20 inches to infinity. A true 
arc may be selected by means of a graduated scale 
without need of establishing a circle center. Adjust- 
ment is made by moving an indicator knob which 
is attached to a movable cam. The cam action, in turn, 
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affects the curvature of a steel spring which forms 
a perfect segment of a circle. High degree of ac 
curacy and speed of operation make instrument a 
timesaver in either layout or checking of curves, 
Instrument measures 16 inches long by 3%-inches 
wide and produces a 15-inch arc. Manufacturer: 
The Arcmeter Co., 2016 6th St., Rockford, III. 


For further information circle MD 44 on Page 279 


Photographic Reproduction Unit 


Intended for use under normal room illumination 
to reproduce drawings in standard blueprint machines, 
Autopositive paper produces a high-contrast, positive 
copy direct from a positive original. The paper is 
used with standard equipment; it is exposed and then 
developed by normal photographic processing. Man- 
ufacturer: Industrial photographic division, Eastman 
Kodak Co., 343 State St., Rochester 4, N. Y. 


For further information circle MD 45 on Page 279 


Microfilm Camera-Reader Combination 


Combination Micro 
film camera and readef 
is portable, weighing 
only 45 Ib. It will pho 
tograph any material 
measuring up to 11 by 
14 inches, reproducing 
it on 35 mm film from 
which it will make 
exact - size prints 
Lenses, shutter, aper 
ture and lights of the 
unit are preset. At 
tomatic indexing # 
also provided. Whe 
used as a microiil 
reader, the apparat 
projects a full - s® 
image upon the su 

face used for original photography, insuring cl 
dimensional fidelity. Used as a microfilm came 
the machine has only to be loaded and the came 
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Like that little squirt of gasoline, wk 

want quick starting and fast pick-up. ¥ 
little piston pump packing which helps ) 
get it. In Stromberg carburetors (made by 
Bendix Aviation Corp.), special care is taken 


to assure complete dependability of every 
component part. In model BX VD-3, for 
instance, two leather cup packings are used- 
one on the dash pot piston and the other 

on the pump piston. 


These cup packings must be accurately molded to 
size; they must stay wrinkle-free; and their fibrous 
texture must have that tightness found only in 


prime calfskin. These cups must not by-pass 


fuel 


or become logged; they must neither shrink from 
heat nor freeze to their cylinder walls in winter. 
Their leather tannage must not deteriorate from 


contact with oils or gasoline. 


Non-deteriorating chrome tanned Sirvis leather cup 
packings, made by Chicago Rawhide, are used in 


thousands of Stromberg carburetors. 


Chicago Rawhide engineered the first carburetor piston 
pump packing to deliver satisfactory performance. 


Today, they are used in many leading makes. 


Because 


of constant research and product development, precise 


laboratory control, highest standards of leather 


quality, and exceptional care in every phase of 


production, Chicago Rawhide’s Sirvis leather piston pump 
packings continue to be the most dependable. 


CHICAGO RAWHIDE MANUFACTURING (CO. 






1304 Elston Avenue Chicago 22, Illinois 





OUR 7Qth year OF INDUSTRIAL SERVICE 


MECHANICAL 


in your leather applications— whether in con- 


SWIVIS 


Se Bef ee 








nection with oils, grease, water, or air, under 
high, low or static pressures—specify SIRVIS. 


Your inquiries will be promptly answered. 


OTHER CR 
PRODUCTS 


Perrecr 


Oil Seals 


ILA A) 


Synthetic 
Rubber 


















euginevting depl equipment. 


snapped for each document placed in the .reproduc- 
ing space. Processing and indexing of the film is 
provided by the manufacturer. Manufacturer: Mi- 
crofilm by Microstat, 132 W. 43d St., New York 18. 


For further information circle MD 46 on Page 279 





Ink-Bottle Holder 


Holder for ink 
bottles and pens may 
be used regardless of 
angle of the board, 
providing a convenient 
receptacle which will 
keep them from falling 
off of the work sur- 
face. The holder is 
made of heavy-gage 
aluminum finished in gold, brown, red or natural 
color. It is attached to the board by means of a 
thumb tack. Manufacturer: The Wayne Products 
Mfg. Co., 103 South Wells St., Chicago 6. 

For further information circle MD 47 on Page 279 








Shading Medium 


Tissue-thin, adhesive-backed transparent sheet may 
be chemically shaded over any desired area, making 
it particularly suitable for rapid shading of drawings. 
In use, the “V-Film” is applied over the area to be 
shaded and a developing chemical applied with a 
brush. Previously invisible pattern then appears as 
sharp dark tone. The film can be stripped off the 
drawing after use without damage and a new pattern 
substituted. Several films having different patterns 
can be applied one over the other. Manufacturer: 
Craftint Mfg. Co., 1615 Collamer Ave., Cleveland 10. 


For further information circle MD 48 on Page 279 





High-Speed Photoflash Unit 


Providing light flashes of extremely short duration, 
the model 400 Photometering unit can be used for 
photographing fast-moving machinery or instrument 





dials. Flashes are triggered by an external electrical 
pulse so that they can be synchronized with other 
apparatus or with the position of a moving object. 


186 


—/ 


Objects at a distance of up to three feet can be ph} 
tographed at 50 microseconds with moderate len} 
openings using up to three lamps. Triggering pulse 
can be at regular or irregular intervals at a speed ' 





to about 20 per second, overall time delay from th 
start of the triggering pulse to the flash is of th 
order of 40 microseconds. Unit measures 10 
inches high, 8 inches deep and is designed for 19-ing} 
telephone-rack mounting. The weight is 25 poun 

Manufacturer: Photographic Products Inc., 9032 w 
Pico Blvd., Los Angeles 35. 


For further information circle MD 49 on Page 279 





Photo-Copying Machine 


Designed to meet 
the need for efficient, 
inexpensive, reproduc- 
tion equipment, the 
Bantam model Tru- 
Copy - Phote machine 
has a reproduction sur- 
face measuring 842 by 
11 inches. Portable 
electric unit, the ma- 
chine operates on 115 
volt, ac or dec, in ordi- 
nary office light with- 
out need of dark rooms, focusing or heating equip- 
ment. Uses include reproduction of drawings, photo: 
graphs, charts, letters, etc. Manufacturer: General 
Photo Products Co., General Photo Building, 15 Sum- 
mit Ave., Chatham, N. J. 


For further information circle MD 50 on Page 279 








Parallel-Ruling Straightedge 


Featuring extra-heavy guard over cable, the EZ 
Grip straightedge is 5/16-inch thick, facilitating mov 
ing of the straightedge up or down the drafting 
board or lifting it off the board. Bevel angle has 
been set in such a manner that a comfortable grip is 
obtained and there are no sharp corners or contouls 
on either side. Both blade and cap of the straight 
edge are black laminated plastic; clear edges are sé 
into the edge of the blade. Guiding units are fou 
ball-bearing mounted pulleys which control the at 
tion of a Monel cable. Manviacturer: Engineering 
Mfg. Co., Sheboygan, Wis. 


For further information circle MD 51 on Page 279 
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COMPARISON OF DC-118 AND STRAIGHT NEOPRENE UNDER LOAD 
50% — — 
DC-118 (cork-and-mubber)___ _ _ — z 
DO-186 (straight Neoprene) —_. | 
40% ‘ Sa 
5 Q J w ih K tai ci 
% 30% CT cating 
a - | 
E - act fange> 
ra 
$ 20% ee eT 
é Confined in chonne!_ _ _ ___- “| 
10% Z ae 
Confined in channel 
i ain eo 
100 200 300 400 500 
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SEALING WITH ARMSTRONG’S DC-118 


1. To prevent leakage both between flanges 


and along bolt threads 


2. To hold light liquids and gasses 


Armstrong’s DC-118 is a neoprene- 
and-cork gasket material with unusual 
balance between compressibility and 
side flow. It can be used where the 
properties of neoprene are required 
but where the normal side flow of 
rubber-like materials must be con- 
trolled. Because such a balance be- 
tween flow and compressibility frees 
the design engineer from certain re- 
strictions inherent in non-compressible 
materials, Armstrong’s DC-118 offers 
a varied range of uses. 


\’ 1. DC-118 can be used in applica- - 


tions that require a gasket to seal on 
three sides. It has enough lateral flow 
to get intimate contact on bolts, rivets, 
or other parts perpendicular to the 
flanges, yet its true compressibility 
avoids excessive extrusion and helps 
prevent rupture under normally high 
bolting pressures. 

2. DC-118 seals light liquids and 
eee under pressure. It has enough 
ow to fill minor flange irregularities, 
yet here, too, its compressibility avoids 
excessive extrusion and helps prevent 
rupture. Flange distances and bolting 
pressures may vary within wider lim- 
its than. where a straight synthetic 


rubber gasketing material is used. 

DC-1138 can be used confined on 
four sides in a channel or held on 
two sides between flat flanges. Totally 
confined, it needs less allowance for 
flow than a straight rubber compound 
and therefore permits wider dimen- 
sional tolerances. As shown in the 
chart above, totally confined in a 
channel, Armstrong’s DC-118 can be 
reduced in volume approximately 
15%; whereas straight rubber is, like 
water, practically non-compressible. 

DC-118 has good aging qualities. 


’ Used for any of the services mentioned 


above, it maintains good “kickback” 
pressure. High surface friction insures 
good blowout resistance. It will seal 
after repeated making and breaking 
of a joint. Fluids resistance compares 
with that of straight neoprene com- 
pounds under similar conditions. 
While DC-118 will handle a wide 
range of sealing problems, it may not 
be the most suitable material for a 
given application. A whole range of 
Armstrong’s cork-and-rubber com- 
positions is made, each with the same 
basic characteristics but modified to 
meet the requirements of various 


Figure 1 shows a condenser 
terminal with gaskets made of 
DC-118. It seals along the 
circumference of the _ rivet 
as well as across the face of 
the insulating washer. Figure 
2 shows the flange section of 
a tank. The gasket of DC- 
118 not only seals between 
the flanges but also prevents 
leakage around stud threads. 





types of applications. We recommend, 
therefore, that you discuss your needs 
with an Armstrong Representative. 
He will suggest solutions to your par- 
ticular problem and supply j=, 
test samples of any of the GN 
Armstrong gasket and seal-, guy 
ing materials listed below. ~~ 











SEND FOR FREE BOOKLET 
Get new 20-page ‘“Armstrong’s 
Gasket and Sealing Materials.” It 
includes specification data on more 
than 40 of Armstrong’s resilient seal- 
ing materials and also helpful hints 
on their proper application. Write 
to Armstrong Cork Co., Gaskets 
and Packings Department, 5106 
Arch Street, Lancaster, Pennsylvania. 
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GASKETS - 
Cork Compositions * 


Synthetic Rubber Compounds . 


Fiber Sheet Packings e 





ARMSTRONG’S 
SEALS - PACKINGS 


Cork-and-Synthetic-Rubber Compositions 


Cork-and-Rubber Compositions 


Rag Felt Papers ° Natural Cork 





Waterbury’s Handbook of Engineering 


By L. A. Waterbury, late professor of civil 
and architectural engineering, University of Ari- 
zona; revised by H. W. Reddick, W. M. Lans- 
ford, C. O. Mackey, H. H. Higbie and H. 8S. Bull; 
published by John Wiley & Sons Inc., New York; 
386 pages, 3 by 55% inches, clothbound; available 
through MACHINE DESIGN, $2.50 postpaid. 


Fourth edition of a book originally published in 
1908, this volume has been brought up to date by 
the addition of two sections and the revision of the 
entire contents. In its modern thumb-tabbed form it 
contains five divisions, each devoted to a different 
aspect of enginering and each prepared by an expert 
in the field. These are: Mathematics, mechanics, heat 
engineering, electrical engineering and electronics. 
In each, basic formulas are offered, data is tabulated 
and examples are given. Such valuable information 
as tables of integrals, equations for moments and 
stress-computation formulas is presented at some 
length. A useful appendix contains tables of loga- 
rithms of numbers, sines, cosines, tangents and co- 
tarigents, as well as natural sines, cosines, tangents 
and cotangents, and conversion tables for funda- 
mental dimensions. 


O O QO 


Nomography 


By Alexander 8S. Levens, associate professor 
of mechanical engineering, University of Califor- 
nia; published by John Wiley & Sons Inc., New 
York; 176 pages, 6 by 9% inches, clothbound; 
available- through MACHINE DESIGN, $3.00 post- 
: paid. 


Discussion of the preparation of nomograms, or 
alignment charts, in this book is thorough and care- 
ful. The author has developed his material as an 
outgrowth of courses on nomography at the Uni- 
versity of Minnesota and the University of California 
and has used the experience thus gained to guide 
him in the selection and treatment of his subject 
matter. Emphasis has been placed upon the geo- 
metric method for the development of theory on 
the design of charts involving equations of three or 
more variables. Simple equations are solved by align- 
ment charts consisting of straight-line scales and 
more involved equations make use of grids, curved 
scales and combinations of Cartesian co-ordinate 
charts with alignment charts. First three chapters 
of the book discuss the theory of charts and func- 
tional scales, while the last two chapters go into 
short cuts and the use of determinants for chart 
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Assets to a Bookcase 





making; the balance of the volume is devoted to 
systematic coverage of the seven types of equations 
most frequently encountered, and their solution by 
geometric methods. A thirty-page appendix gives 
numerous examples of alignment charts useful in 
fields of engineering. 


O O QO 


Modern Metallurgy of Alloys 


By R. H. Harrington, research laboratory, 
General Electric Co.; published by vohn Wiley 
é Sons Inc., New York; 209 pages, 5% by 8% 
inches, clothbound; available through MACHINE 
DESIGN, $3.50 postpaid. 


Discussing modern metallurgical theory, stressing 
the “whys” of alloying, this book should be of par- 
ticular value to engineers. Instead of plunging into 
complicated phase theory and space structures of 
metals, the author has developed his study logically 
and gradually, first building a groundwork of termi- 
nology and on this constructing his more advanced 
discussion. Subjects covered include factors influ- 
encing alloying, double aging with intermediate plas- 
tic strain, crystalline structures, and the physics and 
chemistry of alloying. Well illustrated and replete 
with tables, the volume should serve as a ready and 
useful reference book for designers dealing with 
high-strength materials. 





Newly revised American standard covers involute 
splines in a greatly expanded range of sizes and tooth 
numbers. Among subjects discussed are: Size range 
and pitch, fits, pressure angles, torque capacities 
and spline selections for bearings. Paperbound, the 
60-page booklet measuring 8 by 101% inches is avail- 
able at $1.00 from the American Standards Associa- 
tion, 70 E. 45th St., New York 17. 


“Symposium on Testing Bearings,” published by 
the American Society for Testing Materials, is a 65- 
page volume containing five papers presented before 
the annual meeting of the Society. Covered are life 
testing of sleeve bearings; fatigue testing machines 
for ball and roller bearings, testing of bearings ul- 
der controlled load, fatigue testing of roller bearings 
and ball-bearing fatigue phenomena. The paperbound 
6 by 9 inch book is available from the American S0- 
ciety for Testing Materials, 1916 Race St., Philadel- 
phia 3 for $1.50 
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How Manufacturing Costs Are Cut 
With Arc Welding 


By Cecil Peck, President 
Cecil Peck Company Fig. 1. Original Design 
Cleveland, Ohio 





XPERIENCE shows that the simplest way to 
E convert a machine design to welded con- 
struction for lower costs is to change one part at a time. 
This gradual transition provides the engineers with 
practical know-how before they tackle the entire mM 
problem and allows the shop to switch over with- Weight 62.5 Ibs. Cost $5.98 
out disrupting production. 





Fig. 2. First Redesign 


Most manufacturers start with simple parts such 
as levers, brackets and wheels. 


Take, for example, the lever shown here. Fig. 1 
shows an original design providing details of size 
and form. The first design step, shown in Fig. 2, 
simply meets the requirements of the job. The lever 
is built by fillet welding a flat bar to hollow tubes 
acting as hubs. While such a design is desirable 
from a standpoint of weight and cost reduction, if 





Weight 29.3 Ibs. Cost $3.57 


+ 4 4apaa “4 
a side thrust or another known force exists, addi- Fig. 3. “I Section 


tional strength can be obtained by increasing the 
thickness of the bar (with an increase in material 
cost) or the section detail can be changed. 


sad 


Here are other approaches: An section can 


be built-up easily from three steel straps as shown 





in Fig. 3. Preferable, however, is a box detail made 


from two formed ‘‘U” sections illustrated in Fig. 4. Weight 23.5 Ibs. Cost $3.78 
A box section allows a thinner wall and cuts weld- 
ing time in half. This latter design is extremely Fig. 4. Box Section 


strong, light, has stiffness and torsional rigidity. 


In establishing any final design, several addi- 





heamrwh dk. 





tional factors should be considered: the number of 





>> 
>> 














duplicate parts to be made at one time and the type 





of forming equipment available. Each factor must 





be properly analyzed to determine which of the 
contemplated designs can be built in the shop at Weight 20.5 Ibs. Cost $3.23 
the lowest cost per piece. 











The above is published by LINCOLN ELECTRIC in the interests of progress. 
Further information on welded design is found in the Procedure Handbook of Arc Welding, available at book stores or from 
The Lincoln Electric Company, Dept. 16, Cleveland 1, Ohio. Advertisement 
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Moseworthey hbeuls 


R OTARY WIRE BRUSH-LIKE MEMBERS, having 
their faces in frictional engagement, provide the driv- 
ing means for constant or variable-speed power trans- 
missions. Covered by patent 2,424,873 assigned to the 
Osborn Mfg. Co., by H. R. Abbrecht, these brush-like 
members can be varied to suit the transmission design 
and the power to be transmitted. Transmission ca- 
pacity is governed by the size, stiffness and other 
characteristics of the stranded brush material em- 
ployed. In driving, these members afford a degree of 
flexibility so as to obviate undesired starting and 
stopping load shocks but drive is positive to the ex- 
tent that slippage only occurs where load exceeds 
the rated capacity. 


P RECISE linear actuating movements of short or 
long stroke with accurately controlled power ampli- 
fication are readily attained by means of a unique 
combination hydraulic cylinder and valve unit cov- 
ered in patent 2,434,668. Utilizing pressure differen- 
tial to obtain automatic operation of the piston in 
both directions, the unit is constructed with a rotary 
valve directly attached to the piston. An axially dis- 
posed metering groove along the valve body is 
brought into register with the actuating pressure port 
by a small rotary movement of the valve handle. By 
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employing modifications in the position and shape of 
the valve groove, a variety of controlled movements 
can be obtained for operation of automatic gear shift- 
ing, gun fire computers, etc. Force required to ac- 
tuate the valve handle is small and power output of 
the unit is smooth and uniform. Unit patented by 
Edward M. May. 


Maen ETIC ATTRACTION is utilized to transmit 
torque from one member to the other of a coupling 
assigned to General Electric Co. by L. W. Wightman 
under patent 2,435,112. Torque transmitted is lim- 
ited by the maximum magnetic forces which can be 
exerted by the mutually attracted permanent-magnet 
teeth of the coupling members. One variation of the 
design, however, overcomes this shortcoming by 
means of a direct driving dog which extends into a 





z ® ty | © a 


























mating socket and comes into play under high-torque 
conditions. Design of the dog drive is such as to al- 
low circumferential displacement of the teeth of the 
two members to the point of maximum magnetic 
force between the teeth. At this point direct drive 
takes place in addition and as soon as torque re 
quirements return to normal, full magnetic drive is 
restored. 
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Maybe you have a job that you never 
dreamed could be done with a V-belt. Per- 
haps we at U. S. Rubber can help—we are 
constantly solving such problems. . . some- 
times by designing V-belts which help safe- 
guard human life—on submarines, for 
example. 

U.S. Rubber engineers have designed a 
V-belt as small as 434 inches in circumfer- 
ence, and as large as 55 feet. They have 
solved such a wide range of V-belt problems 
that today, if you want ‘‘a special’ in a 
hurry, chances are it can be obtained with- 
out making a new mold. 

For more information, write Mechanical 
Goods Division, United States Rubber 
Company, 1230 Avenue of the Americas, 
New York 20, N. Y. 
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Top Rubber Cushion in 
closely-engineered bal- 
ance with the lower sec- 
tion... to keep cool under 
constant stretch and turn. 


Equa-Tensil Cord Section 
—all cords scientifically 
Placed, each pulling its 
share of the load. 


A sturdy level cushion 
for the Equa-Tensil Cord 
Section. Provides struc- 


grooves and over the flat 
Pulley of V-to-flat drives. 
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WILLIAM R. HOUGH, chief engi- 
neer of the Reliance Electric & En- 
gineering Co. since July, 1945, has 
been elected the company’s engineer- 
ing vice president. Associated with 
Reliance for nineteen years, Mr. 
Hough joined the organization as a 
cadet engineer in 1929 following grad- 
uation from the University of Michi- 
gan. Advancing through the posi- 
tions of junior design engineer, head 
of drafting and mechanical design ac- 
tivities, and experimental engineer, 
Mr. Hough in 1941 was selected to 
take charge of the company’s a-c 
motor design engineering program. 
During the three years, he served in 
that capacity he designed variable 
voltage-frequency a-c runout table 





William R. Hough 


tion he directed a large corps of en- 
gineers, scientists and naval person- 
nel on ships in the laboratory’s serv- 
ice, guiding the development of vari- 
ous submarine detection and location 
devices. One of these, the expend- 
able radio sono-buoy, is described as 
one of the outstanding developments 
of the war and played a decisive role 
in the battle of the Atlantic. For his 
service with the Underwater Sound 
Laboratory, Dr. Glennan was aware- 
ed the medal for merit, highest civil- 
ian award which the government can 
bestow. Since January, 1946 and 
prior to his appointment as president 
of Case in June, 1947, Dr. Glennan 
was associated with the Ansco Div., 
General Aniline & Film Co. 





drives with patented floating motor mounting as well as working out 
design details covering many special-purpose motors which found 
wide application on critical Navy equipment during the war period. 
As head of product development engineering during 1944 and 1945, 
Mr. Hough was responsible for new design engineering work on the 
company’s a-c polyphase induction motors, d-c motors and adjust- Maire Tool & Mfg. Co., Dearborn, 
able-speed drives including controls. Significant product develop- Mich., builders of special machine 
ments accomplished during his service as chief engineer include an tools. For more than twenty-five 
interlock regulator for sectional drives; electronic and magnetic as- years Mr. Heinmiller was associated 
semblies such as photoelectric guide 

control for motor-driven reels; ro- 
tating-type regulator for voltage, speed, or cur- 
rent control; and special a-c and d-c motors for 
coal mining machinery. Mr. Hough also has 
been a contributor to the technical press. 


R. C. HEINMILLER has accepted 
the position of chief engineer for Le- 


DR. T. KEITH GLENNAN, recently installed 
as president of Case Institute of Technology, is 
first business executive to head the institute. Dr. 
Glennan was graduated “cum laude” in electrical 
engineering from Sheffield Scientific School of 
Yale University in 1927. His career has been 
devoted principally to sound equipment work, 
first with the motion picture industry and from 
1942 to 1945 as director of the U. S. Navy Un- 
derwater Sound Laboratory. In the latter posi- 








Dr. T. K. Glennan R. C. Heinmiller 


192 MACHINE DEsIGN—June, 1948 } 








of en- 
erson- 
3 serv- 
f vari- 
cation 
xpend- 
bed as 
ments 
fe role 
‘or his 
Sound 
ware- 
, civil- 
nt can 
} and 
sident 
ennan 
Div., 


epted 
yr Le- 
"born, 
chine 
y-five 
siated 













* SEAMLESS STAINLESS STEEL 





+ AOWED WELDED STAINLESS STEEL 
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SELECT FOR YOUR 
EXACT REQUIREMENTS 


by class or type of steel 
tubes from GLOBE 


Yes, you can select your exact require- 
ments — by class or type steel tubing 
in almost any size — from Globe Steel 
Tubes Company. 

What's more, you can be absolutely 
sure of getting a product in exact con- 
formity with your requirements. That's 
because Globe Steel Tubes Co., meeting 
your needs, applies all the manufactur- 
ing and engineering “know-how”, gained 
by exclusive specialization for nearly 
forty years in the production of steel 
tubing. 

Equally important, you get the bene- 
fit of the most advanced volume produc- 
tion methods and rigid controls. To 
maintain the exact uniformity and high 
quality, constant chemical and pbhysi- 
cal checks and tests are conducted by 
Globe Steel Tubes Co.’s own completely 
equipped laboratories. LAT 

If you have a problem involving steel * SPECIAL SHAPES AND FORMS 
tubes—stainless, mechanical or pressure ‘ 

—consult Globe Steel Tubes Co. Globe 


engineers will give you the benefit of 

their specialized knowledge in a wide B 
range of services and applications . . . 

to help make your product better . . . to 
increase your production . . . to lower 

your pd dues STEEL TuBES Co., STEEL TUBES 
Milwaukee 4, Wisconsin. 


* CLOSE TOLERANCE ee 
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with the Foote-Burt Co. in various engineering capac- 
ities, including plant engineering and the development 
and supervision of the electrification of Foote-Burt 
drilling machines. He was also associated for six 
years with Warner & Swasey Co. Mr. Heinmiller is 
a mechanical engineering graduate of Case Institute 
of Technology and a registered professional engineer 
in Ohio. 
+ 

HOWARD M. HUBBARD has been named president of 
the Hydraulic Press Mfg. Co. A graduate of North- 
eastern University and the Harvard Graduate School 
of Business Administration, Mr. Hubbard has re- 
ceived degrees in both engineering and business ad- 
ministration. He has served as president of the El- 
liott Co. and Greenfield Tap & Die Corp. and, for the 
past three years, has been engaged as a consulting 


and development engineer. 
+ 


HARRY BERNARD replaces W. M. WALWORTH who 
has resigned as chief engineer of Mack Trucks Inc. 
Mr. Bernard, for the past three years director of 
service and service engineering, now assumes overall 
responsibility for the engineering of the company’s 


entire line of trucks, buses and fire apparatus. 
° 


JOHN K. HODNETTE, recently elected a vice presi- 
dent of Westinghouse Electric Corp., retains his post 
as manager of the Transformer division to which he 
was named in 1946. A mechanical engineering grad- 
uate of Alabama Polytechnic Institute, Mr. Hodnette 
joined Westinghouse in 1925 and was first assigned 
to transformer engineering and design at the Sharon, 
Pa., plant. One of his outstanding achievements in 
this field was the development of a power distribu- 
tion transformer completely self-protected against 


lightning and electrical overloads. 
° 


CARL W. LANGE, who, before his retirement, was 
engineer in charge of the d-c armored motor division 
of the General Electric Co., has been awarded the 
company’s highest honor, the Charles A. Coffin 
foundation award, for having conceived and rede- 
signed the standardized line of heavy-duty mill type 
motors. CLAUDE B. HUSTON, engineer in the indus- 
trial engineering division, received a similar award 
for designing an unusual and improved type of con- 
trol for reversing blooming and slabbing mills in 
steel plants. 

° 

KERMIT T. KucK, chief engineer, has been elected 
engineering vice president of the Monarch Machine 
Tool Co. Mr. Kuck, an engineering graduate of Ohio 
State, joined the company in 1934, spending the fol- 
lowing five years in practical training and in the 
company’s engineering department. After several 
years association with the sales department, Mr. 
Kuck was appointed chief engineer in 1943. 

¢ 

STANLEY R. Howarb recently was elected vice pres- 
ident in charge of engineering of the Pneumatic Scale 
Corp., Ltd., North Quincy, Mass., manufacturer of 
packaging machinery. Mr. Howard joined the com- 
pany shortly after graduation from Harvard and was 
first employed as a draftsman. Following service 
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with the Army during the first World War, Mr. How. 
ard was appointed chief engineer of the company in 
1919 and has been prominent in all the company’s re. 
search, invention and development work. 

L. LEE SCHAUER, chief engineer of the Cincinnati 
Bickford Tool Co., has also been elected a vice pregi- 


dent. 
e 


ROBERT E. BUSEY, who has been serving as acting 
chief engineer of Willys-Overland Motors, has been 
promoted to chief engineer. He will be responsible 
for body and chassis engineering, the engine division 
and research and development. 


E. C. LANNO, formerly of the Detroit Diesel En- 
gine Div., General Motors Corp., has been named de- 
velopment engineer of the Rockford Clutch Div., Borg- 
Warner Corp. Mr. Lanno, a graduate engineer, has 
had several years practical experience in the develop- 
ment of clutches, power takeoff and gear reduction 
units, and in the industrial field. He replaces L. F. 
MoHNSs, resigned. 


LEOPOLD M. Kay has been elected vice. president 
in charge of engineering, Air King Products Co. Inc, 
Brooklyn, N. Y. Prior to joining the organization 
two years ago as chief engineer, Mr. Kay had been 
associated with Raytheon Mfg. Co. as research en- 


gineer. 


Dr. K. C. BLACK has joined the staff of Air Asso- 
ciates Inc., Teterboro, N. J., as chief radio engineer. 

RODNEY B. CAMPBELL has joined the Lynn Co., Bur- 
bank, Calif., as chief hydraulic engineer. Mr. Camp- 
bell designed a number of the early hydraulic appli- 
cations in aircraft. He served as chief engineer of 
the Aeron Corp. during the war and has been en- 
gaged in hydraulic research since that time. 

DwaIN E. FRITz has joined the development engi- 
neering staff of Jack & Heintz Precision Industries 
Inc., Cleveland. For the past two years Mr. Fritz 
was manager of the aircraft motor and generator 
section, aviation engineering department of the West- 


inghouse Electric Corp. at Lima, O. 
° 


WILLIAM B. WALLIS, president of the Pittsburgh 
Lectromelt Furnace Corp., Pittsburgh, was elected 
president of the American Foundrymen’s Association 


during its recent annual convention. 
¢ 


W. H. RoWAND, associated with Babcock & Wilcox 
Co., New York, for 19 years, has been appointed chief 
engineer. Mr. Rowand will assume most of the en- 
gineering activities previousy handled by ALFRED 


IDDLES who is now president of the company. 
° 


ARTHUR R. CONSTANTINE recently was appointed 
director of engineering for the Indian Motocycle Co. 


Springfield, Mass. 
o 


I. F. KINNARD has been appointed manager of engi- 
neering of the meter and instrument division of Gen- 
eral Electric Co. 
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ANOTHER NEW PRODUCT &@ 


BY A MOLDER USING A 
DU PONT PLASTIC 





NYLON PLASTIC CUTS RUB IN THE HUB 


Bearing of Du Pont nylon needs no lubrication . . . rolls quietly 








LOCKED SPOKE 









NYLON BEARING LOCKED 
PERMANENTLY IN STAMPING 














ed bearings in your business? Why 
t investigate Du Pont nylon plastic? 
Nylon is silent ...no squeaking, and 
creaking. Nylon bearings won’t chip, 
or powder . .. need no lubrication 
when loads are light and speeds are 
low.In the textile industry, for ex- 
ample, this means no oil spots on fab- 
rics. Nylon has proved satisfactory for 
bearings with walls as thin as 1/16”... 
for bearings as large as 1%” O. D. It 
may mean new profits for you. 
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Nylon’s making news again—this time 
on the wheels of a baby carriage. In 
tests made on these wheels, bearings 
molded of tough, durable Du Pont 
nylon actually lasted, longer than the 
metal axles. And they need no lubrica- 
tion ...withstand shocks and blows. 

In other applications where loads are 
heavier, speeds are high, and lubricants 
are required, either oil or water can 
be used. Du Pont nylon plastic is not 
affected by oils and greases, chemicals 
and solvents . .. withstands service 
temperatures as high as 325°F. Nylon 
bearings show little or no deterioration 
with age. And injection molding permits 
rapid, large-scale production. 

Is there a place for nylon in your 
business? You may profit with this and 
other Du Pont plastics ...in developing 
a new product or improving an old one. 


Write now for literature. It will pay you. 


to have it in your files. E. I. du Pont 
de Nemours & Co. (Inc.), Plastics De- 
partment, Room 396, Arlington, N. J., 


Baby carriages manufactured by Collier-Keyworth Co.,, 
Gardner, Mass.; nylon bearings molded by Nylon Bear« 
ings, Inc., Whitman, Mass. 


Listen to Du Pont “CAVALCADE OF AMERICA” 
—Every Monday Night, NBC Network 


REG. u.s. PAT.OFF. 


Plastics 


BETTER THINGS FOR BETTER LIVING 
.». THROUGH CHEMISTRY 
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“SPLIT-MINUTE” ELECTRONIC COOKING 
- - . another application of Cramer Timers 


Developed by the Raytheon 

Mfg. Co. as a peacetime ap- 

plication of microwave 

radar, Radarange is the 

completely electronic device 

that cooks a well-done steak 
. . in 40 seconds! 


Utilizes a Raytheon mag- 
netron that converts alli 
available power into low 
frequency microwaves. With 
minimum waste of energy, 
microwaves penetrate into 
food, heating the center as 
fast as the outside . . . as- 
sure quick, uniform cooking. 

Another product 
where precision con- 
trol is essential to per- 
formance, Radarange 
is equipped with a 
Cramer Type TC Time 
Delay Relay (shown at 
left) and a Cramer 
Running Time Meter. 




















RAMER DEVICES MEET A WIDE RANGE 
OF COMMERCIAL aed INDUSTRIAL NEEDS 


4 





RUNNING TIME METER 


Synchronous motor driven, designed for use 
on AC circuits. Automatically and cumula- 
tively registers total operating or idle time on 





circuits, machines or systems. 


SYNCHRONOUS MOTOR 


A superior power plant for time and con- 
trol instruments requiring constant speed at 
a given frequency. Compact . . . versatile .. . 
flexible . . . dependable. 


IF THE PERFORMANCE OF YOUR PRODUCT 
DEPENDS ON PRECISION TIMING, CONSULT... 


ine Z 





3cr4e 
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Offset Pivot Reduces 
Sector Gear Noise 


(Concluded from Page 132) 


dC 1 


dB 2tang 





or dB = B tan¢ dC. Also, since B = B, cos d 


dB = cos ¢ GB,, from which 


2 tang dC 
aB, 4 aioe 
COs ¢ 





When the increments become B, and C, respectively 


2C tan¢g 
a a ee 
COs ¢ 


For ¢ = 20 degrees, B, = 0.775 C. If tooth errors 
are present, the backlash may be less than Equation 
6 indicates. 


CENTER DISTANCE CORRECTION: If the sector pivot 
does not permit mesh adjustment, the center dis- 
tance will need correction. It is evident from the il- 
lustrations that the center distance between sector 
pivot and pinion is not simply R + r, or R — rf, but 
is a function of the angular amplitude angle, @. 

For an external gear, Fig. 1, the center distance 
is equal to 





D, = V(R + r)? —e sin?9 — ecosg ..............- (6) 


or, if (R+r)? is large compared to e? sin? 6, which 
would be usual, 


D, = R+r?r— ecose@ 
=— ete) — (oe — 6) .ccsceccieis vases eee 


Since e>C except when 6 = 90°, it can be seen that 
the ideal center distance needs to be decreased by 
(e-—C). 

For an internal sector gear, Fig. 3, similar analysis 
leads to the relationships 


D, = R-—r-+ ecose 
=(R-—1r) + (€—C) ...... 6c. eee TD 





PUSHBUTTON CONTROL of dual-fuel internal 
combustion engines has further simplified the chang® 
over from diesel oil to gas or vice versa. On the 
new Superior engine, a button marked OIL and one 
marked GAS are the only controls necessary for éf- 
fecting changeover. Should the gas supply be it 
sufficient to meet load demand, the governor auto 
matically furnishes sufficient oil to make up the de 
ficiency. 
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DIRECT CURRENT 
MOTORS 


BALDOR 















co f CL k ji 
4 or Industrial Trucks, Hoists 
& 
and Railroad 
Service 
tively 
. + (5) 
rrors 
ation 
pivot 
dis- 
1e il- 
ector 
, but 
vance 
. (6) DISTRIBUTED WINDING ... The ex- 
ceptionally high efficiency and sparkless 
commutation is secured through the use 
of a unique magnetic design. This per- 
rhich mits the use of a distributed winding of 
considerably more copper than in the 
nee Sonat So These Baldor 12-, 24- and 32-volt D. C. Motors are compact yet 
ruggedly built especially for service on railroad equipment, industrial 
trucks and other heavy-duty applications. 
AS Their features include high efficiency, high maximum torque, perfect 
that commutation in either direction with instant reversibility . . . and cool 
by operation. 
Each is designed specially—both electrically and mechanically —for 
ysis specific applications. 
See May we send you illustrated Bulletin No. 310 giving complete information? 
HEAVY DUTY BRUSH RIGGING— 
DOUBLE BRUSHES .. - Ample brush —— om 
aan nde oy me Po BALDOR ELECTRIC COMPANY © ST. LOUIS and Principal Cities 
(7a) the Baldor dual brush rigging design. 
Heavy cast brass brush holders and 
steel rocker arms make a construction 
that is entirely dependable. 
rnal 
nge- 
the 
one 
"ef EXTRA LA 
RGE COMMUTATOR... 
in- Baldor traction motors have large over- 3 | > T ly E R i, | Oo T Oo 34 S 
size commutators assuring ample capac- 
uto- ity for the high currents of low voltage 
de- — — armature is dynamicalty 
sty ye By For More Than a Quarter of a Century 
long and dependable service. 
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Isn’t production cost 
a BIG factor? 


de 
ae 
7 


You can lower that cost by insisting 
on PENN FASTENINGS—every one 
a quality piece, made with the most 
exacting attention to materials and 
finish — carefully checked against 


your most rigid specifications. 
When you want HIGH quality 
at LOW cost - - - call PENN for 


Tubular, Split and Compression 
Rivets Cold-Headed Specialties 


Rivet Caps — Bottom Studs 


Send plans for free Engineering Consultation. 


Write for Information. 













MACHINE 
COMPANY 


PHILADELPHIA 33 PENN 
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BUSINESS AND 
SALES BRIEFS 


AME of the American Rolling Mill Co. was officially 

changed to Armco Steel Corp. at a recent meeting 
of the stockholders. At the same time W. C. Breed, 
E. A. Deeds, C. S. Payson and Calvin Verity were re- 
elected directors of the corporation. 


¢ 


According to a recent announcement the Midwest 
Tool & Mfg. Co. of Detroit has moved its plant, manufac- 
turing facilities and executive offices to Upper Sandusky, 
Ohio. Offices are being retained at 2360 W. Jefferson 
Ave. in Detroit and 549 W. Washington Blvd. in Chi- 
cago. 

6 

Eugene W. Fuller has been elected vice president of 
Shakeproof Inc., a division of Illinois Tool Works where 
he will direct manufacturing and sales of the division. 
Concurrently, Carl F. Jensen has been appointed district 
sales manager of the midwest area for the company. Mr. 
Jensen will have his office in Chicago and will direct sales 
activities in Illinois, Indiana, Wisconsin, Minnesota, Iowa, 
Missouri and Western Ohio. 


e 


New line of over-running clutches will be marketed by 
Morse-Formsprag Sales department, a division of Morse 
Chain Co. Manufacture of the clutch will be by The 
Formsprag Co. Manager of the newly formed depart- 
ment will be Henry R. Greenley who will continue his 
duties as manager of the present Morse Coupling sales 
department. 

e 

Formerly affiliated with the Holtzer-Cabot Div. of the 
First Industrial Corp., L. H. Littlefield has been appointed 
general sales manager for the Wolverine Tube Div. of 
Calumet & Hecla Consolidated Copper Co. Inc. Mr. Little- 
field’s headquarters will be in the general offices of the 
division, in Detroit. 

+ 

According to a recent announcement John F. D. Rohr- 
bach has been elected president of Raybestos-Manhattan 
Inc. Mr. Rohrbach succeeds Sumner Simpson, presi- 
dent of the corporation since 1929, who becomes chairman 
of the board and of the finance committee. 


o 


Formerly district sales manager at Birmingham for 
the Link-Belt Co., C. C. Wiley has been appointed dis- 
trict sales manager at Baltimore, succeeding H. Merrill 
Bowman. Taking the place of Mr. Wiley in Birmingham 
is J. T. Bell. 

° 


Appointment of George Reed as sales engineer of the 
Steel and Tube Div. of the Timken Roller Bearing Co. has 
recently been announced. Mr. Reed will make his head- 
quarters in Houston, Texas. 


¢ 


Assets of the Electronics Division of Illinois Tool Works 
has been acquired by Lindberg Engineering Co. of 2444 
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actually strengthened. | 


% Only single flare needed for any tubing. 
% Up to 2000 flares a day on inexpensive flaring 


machine. 


Dupe FLARED TUBE FITTINGS 


Approved by Underwriters’ Laboratories 
for all hazardous gases and liquids. 


H's YOUR DESIGN THINKING shied away from light 
wall tubing applications when vibration and 
high pressure were present? It needn’t if you specify 
Superseal fittings. The Jaeger Mfg. Co. tested these 
flared tube fittings exhaustively. One of the tests 
was on a gasoline engine driven compressor, which 
was run at full throttle for six hours at 600 p.s.i. 


GRINNELL COMPANY, INC, 


Executive Offices: Providence 1, R. I. 


Branch Warehouses 


Kansas City 16, Mo. Philadelphia 34, Pa. 
Long Beach 10, Cal. Sacramento 14, Cal. 
Los Angeles 13, Cal. « St. Louis 10, Mo. 
Milwaukee 3, Wis. St. Paul, Minn. 
Minneapolis 15, Minn. San Francisco 7, Cal. 
New York 17, N. Y. Seattle 1, Wash. 
Oakland 7, Cal. on Mh 


Atlanta 2, Ga. 
Charlotte 1, N. C, 
Chicago 9, Ill. 
Cleveland 14, O. 
Cranston 7, R. I. 
Fresno, Cal. 
Houston 1, Tex. 


tia 


LEAKPROOF JOINTS FOR LIGHT WALL TUBING 


% Long, smooth 10° flare provides greater seal- 
ing surface. No shearing action; tubing is 











They were convinced that Superseal fittings make a 
leakproof joint unaffected by vibration, perform 
entirely satisfactorily with welded steel tubing using 
only a single flare. As a result, Jaeger now standard- 
izes on Superseal fittings for 4 compressor sizes. 
Investigate Superseal fittings. Write for new Cata- 


log 4-R, “Grinnell Superseal Flared Tube Fittings”.’ 


IS INVOLVED 


WHENEYVEkK 
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HOW TO SPECIFY 


SPRINGS 


y) 





A short cut 
fo product 
improvement 


If youare designing or mak- 
ing a product requiring a 
spring in its assembly, you 
will want this book—a 28- 
page handbook of engi- 
neering data on springs— 
28 pages of formulas, 
graphs, charts, tables and 
drawings. This book will 
tell you all you need to 
know about specifying 
springs of any type from 
light wire to heavy elliptic. 
Andit’s yours for theasking. 
Write for your copy today. 


American - Fort Pitt Spring Division 














W. Hubbard St., Chicago. Manufacture of high-fre. 
quency induction and dielectric heating equipment will 


be continued. 
6 


Several new appointments have been made by the sales 
divisions of the RCA Victor Div. of Radio Corp. of Amer- 
ica. These include appointment of P. B. Reed and C, A 
LaHar as field sales administrators in the eastern and 
western divisions, respectively, of the RCA Engineering 
products department. Mr. Reed will make his head. 
quarters at the RCA offices in Camden, N. J. while Mr, 
LaHar will have offices at 621 S. Hope St., Los Angeles, 
Simultaneously, the announcement has been made of the 
appointment of C. M. Louis as sales manager for Broad- 
cast and Industrial equipment. 


o 


Purchase of additional manufacturing facilities near 
Irwin in western Pennsylvania has been announced by 
Westinghouse Electric Corp. Facilities will be used by 
the mica-processing section of the transportation and 
generator division. 


o 


Chicago branch office has been opened by the Cherry 
Rivet Co. Located at 5707 W. Roosevelt Rd., the office 
will be under the supervision of Roy Schwab. 


* 


Century Electric Co. of St. Louis has announced the 
retirement of its Cincinnati district sales manager, Leo 
Schirtzinger. Succeeding Mr. Schirtzinger are P. F. 
Williams and W. C. Wetlaufer. 


° 


Formerly executive vice president and sales manager 
of the Plomb Tool Co., R. W. Kerr has been elected 
a vice president and director of the Bingham-Herbrand 
Corp., Toledo, Ohio. 

% 


Manufacturing plant at 2401-2409 Schaefer Rd., Mel- 
vindale, Mich. has been purchased by, Manco Products 
Co. Facilities will be used for the production of castings. 


o 


Founders of Cleveland Graphite Bronze Co. were re- 
cently advanced in position by the board of directors. 
Ben F. Hopkins, formerly president, became chairman of 
the board. J. L. Myers, was elected president, taking 
the position vacated by Mr. Hopkins. C. W. Johnson 
advanced from vice president in charge of sales to senior 
yice president and J. J. McIntyre, former senior vice 
president, became vice chairman of the board. 


° 


According to a recent announcement, the apparatus 
sales department and the arc-welding sales department 
of the Air Reduction Sales Co. have been merged. The 
new single department, known as the equipment sales 
department, will be under the supervision of Dale D. 
Spoor. 

* 


Offices of the Seamless Steel Tube Institute have been 
moved from their location at 1115 Gulf Bldg., Pittsburgh. 
New location is 1901 Oliver Bldg., Pittsburgh 22. 


o 


With facilities at Sherbrooke, Quebec, Canadian Unit 
cast-Steel Ltd. has been formed by a combination of 
United States and Canadian organizations. Parent com: 
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@ ENGINEERED IN PLASTICS BY GENERAL ELECTRIC 


Bull’s-eye for Plastics 


@ Plastics score a hit in this unusual application! Stocks 
for the new Hy-Score target pistols are molded in plastics by 
General Electric for the Hy-Score Arms Corporation, Brooklyn, 
N.Y. Called the world’s most powerful air pistol, the Hy-Score 
requires a sturdy stock that will stand up under shock, resist 
perspiration and grease. G.E. selected a plastics that meets 
these specifications, then molded the stocks in four distinctive 
color patterns, 


What is your plastics problem? Whether you sell pistols 
or perfume, General Electric’s complete plastics service may 


G-E COMPLETE SERVICE—AT NO. I PLASTICS AVENUE 





help you lower production costs, improve your product. 
General Electric, world’s largest manufacturer of finished 
plastics parts, is equipped to design, engineer, and mold 
plastics products to meet your individual requirements. 


Write us for more informetion. Or get in touch with your 
nearest G-E Sales Office. We’ll be glad to consult with you 
on any plastics job. Meanwhile, write for your free copy of 
the illustrated booklet, “‘Design Data on Plastics.” Address: 
Plastics Division, Chemical Department, General Electric 
Company, 1 Plastics Avenue, Pittsfield, Mass. 





Backed by 54 years of ex- 
perience, We'vebeen designing 
and manufacturing plastics prod- 
ucts since 1894. General Electric 
research facilities have expanded 
continually, working to develop 
new materials, new processes, new 
*pplications for plastics parts. 


No. I Plastics Avenve—com- 
piete plastics service—engineer- 
ing, design, mold-making. G-E in- 
dustrial designers work with our 
engineers to create plastics parts, 
sound and good looking. Skilled 
mold-makers in G-E toolrooms 
average over 13 years experience. 


All types of plastics. Com- 
pression, injection, transfer and 
cold mold facilities ... high and 
low pressure laminating . . . fab- 
ricating. G-E Quality Control—a 
byword in industry, means as 
many as 160 inspections and 
analyses for a single plastics part. 








GENERAL @ ELECTRIC 


cC048-02 


General Electric plastics factories are located in Scranton. Pa., Meriden, Conn., Coshocton, Ohio, Decatur, Ill., Taunton and Pittsfield, Mass, 
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Silicones Save Cylinder 
Heads from Corrosion 










Cylinders of new Harley- 
Davidson ‘2-Cycle’ mo- 
torcycle protected from 
rust by modified silicone 
coating formulated by 
Midland Industrial 
Finishes Co. 






PHOTO COURTESY HARLEY-DAVIDSON MOTOR CO. 


Rusting of metals exposed to high temperatures 
and moisture was once as certain as taxes. That 
was before silicones were introduced by Dow 
Corning Corporation. In all of their various forms, 
these organo-silicon oxide polymers are indif- 
ferent to extreme heat or cold—and they repel 
water. 

That's why the Harley-Davidson Motor Company 
of Milwaukee, Wisconsin, tested and then finally 
specified a modified silicone coating formu- 
lated of Dow Corning Silicone Resins for the 
cylinders of their new Model 125 motorcycles. 
Preliminary tests showed that the Modified Sili- 
cone Aluminum Coating made by Midland 
Industrial Finishes Company of Waukegan, 
Illinois, maintained its film continuity even after 
being exposed to 1000°F. and plunged into 
water, 70°F. Immersion in water for 24 hours 
resulted in no appreciable softening, blistering, 
rusting or discoloration of the coating. 

The coating was then applied to the cylinders 
and exhaust pipes of a 1948 Big Twin motor- 
cycle, and the motorcycle was driven 1,893 
miles. The cylinders retained their original new 
appearance with the exception of slight oil 
burns. The coating was tough and resistant to 
scratching. It did not soften when cleaned with 
gasoline or naphtha. 

This is only one of the many applications in which 
DC Silicone Resins help to prevent rusting of hot 
metal surfaces. These silicone resins are de- 
scribed in Data Sheet No. B 8-2. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


New York « Chicago « Cleveland « Los Angeles 
Dallas « Atlanta 
In Canada: Fiberglas, Canada, Lfd., Toronto 
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Dow Corning © 


; GREASES - | 


High Temperature 
Low Temperature — 
Valve Lubricants 
Stopcock | 

High Vacuum 


| COMPOUNDS 
ignition Sealing 


Antifoom A 


RESINS 


Electrical insulating 
Laminating 
: Protective Coatings 


‘SiASTIC® © 
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pany, Unitcast of Toledo, Ohio, formed the new subsidiary 
in order to manufacture “Wine” railway equipment for 
Canadian use. 

* 


Appointment of F. J. Staroba, formerly sales engineer 
for Carboloy Co. Inc., to the position of manager of 


the midwestern district of that company has been an. § 


nounced. Mr. Staroba will have offices in Chicago. 


¢ 


George R. Frankland is the newly appointed Chicago f | 
district manager of the Johns-Manville Industrial Prod. 
ucts division. Formerly assistant district manager of § 


the Chicago office, Mr. Frankland succeeds Corydon H, 
Hall who has resigned to become chief executive of qa 
new company being formed in California. 


o 


Formerly sales manager of the Engineered Castings 
Div. of the American Brake Shoe Co., N. George Bel- 
bury has recently been appointed vice president. 


. 


With headquarters at 1147 S. Independence Blvd., Chi- 
cago 24, Hunt-Jordan Co. is now exclusive representa- 
tive for resistance welding equipment manufactured by 
Progressive Welder Co. Area covered is northern Illinois 
including Chicago, and part of Iowa and Indiana. Head- 
ing the organization is Donald F. Hunt. 


2 


Electrical resistance bulbs formerly handled by the 
Edison-Splitdorf Corp. are now being manufactured and 
sold by the instrument division of Thomas A. Edison, 
Inc., West Orange, New Jersey. 


¢ 


Change of address has been announced by George W. 
DeBell, plastics consultant. Formerly at 1380 Bedford 
St., Stamford, Conn., he can now be contacted at P. 0. 
Box 66 East Chatham, New York. 


7 


Sterling Injection Molding Inc. has opened an office 
in the Graybar Bldg., 420 Lexington Ave., New York. 
They are represented in the area by Gerard E. Quintero 
Jr. operating from the Graybar Bidg. offices. 


€ 


Formerly at 60 Woolsey St., Irvington, N. J., Indus- 
trial Synthetics Corp. is now located at 225 North Ave. 


Garwood, N. J. 
+ 


Associated with the L. H. Gilmer Div. of United 
States Rubber Co. for the last 35 years, John S. Krauss 
has recently retired as manager of the division. He 
will be succeeded by Lawrence K. Youse, assistant man- 


ager. 
° 


Chronolog Inc., National Bank Building, Detroit 26, 
has been appointed marketing agents of the National 
Acme company’s Chronolog, a recording instrument. 
Sales -director of Chronolog Inc. is J. E. Thomas, vice 


president. 
* 


Appointment of P. L. Edwards as assistant managéet 
of the central district office in Pittsburgh has been al 
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Saves Time and Labor 
on Snowplows, Dump Trucks 
and other 6-v, d.c. jobs 


Things happen fast when you push the right button! On 
snowplows and dump trucks the right button actuates 
Pesco’s new electric motor-driven power package. Just by 
pushing a button, conveniently located on the truck’s 
instrument panel, the operator has full control of raising 
the snowplow blade ... or dump truck body. A control 
lever lowers blade or dump body just as quickly. It’s finger- 
tip control that makes possible quicker, more accurate 
operation . .. saves time and labor. In the case of snowplow 
operation it makes possible better control of the snowplow 


"Push Button Efficiency.” 





r) 


blade in following road contour, passing obstructions, etc. 

This new Pesco electric motor-driven power package con- 
sists of a 6-v, d.c. electric motor, hydraulic pump, reservoir, 
check valve and relief valve . . . all built into one compact, 
streamlined unit. It has a capacity of .7 g.p.m. at 1000 p.s.i. 
at 6 volts, at which time it has a current requirement of 150 
amperes. The reservoir can be provided in various sizes 
depending on the requirements of the job, or the unit can 
be furnished without the reservoir in cases where a separate, 
extra large reservoir is required. The hydraulic pump fea- 
tures Pressure Loading, Pesco’s exclusive development 
which makes possible high operating efficiencies at all times. 

Whether you design and manufacture snowplows or 
dump trucks, farm machinery or road machinery, hydraulic 
presses or machine tools, Pesco manufactures power pack- 
ages, hydraulic pumps, motors, control valves that make 
possible more efficient operation, more positive control... 
and easier sales. Write today for full information. 


44, PRODUCTS DIVISION 


: ; 
eS ) \ 
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Scrub Happy. 


@ Somebody changed his mind a few times, or 
maybe the tracer was having a bad day. Just why 
isn’t important. The point is the tracing had to be 
done over because erasing had given it a distinctly 
“scrub happy” look. Arkwright would have saved 
all this. 


Erasures mean little to Arkwright. It takes era- 
sure after erasure without wearing through, with- 
out line feathering when you re-ink. 


Why not check Arkwright’s advantages your- 
self, in your own drawing room, at our expense. 
Send for working samples, free. Arkwright Fin- 
ishing Company, Providence, R. I. 


All Arkwright Tracing Cloths have 


these 6 important advantages 


1 Erasures re-ink without 
‘ feathering”. 

2 Prints are always sharp 
and clean. 

3 Tracings never discolor or 
become brittle. 

4 No surface oils, soaps or 
waxes to dry out. 

5 Nopinholesorthick threads. 

6 Mechanical processing 

creates permanent trans- 

parency. 
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nounced by Raybestos-Manhattan Inc., Manhattan Rub. 
ber Div. Mr. Edwards was formerly manager of the 
company’s western division. 


¢ 


With offices at Brightwaters, Long Island, Lauren 1, 
McMaster is now the New York representative of Na. 
tional Formetal Co., manufacturers of bushings and begp. 
ings. Mr. McMaster will cover New York, New Jersey 
and eastern Pennsylvania; he can be contacted at P, 0, 
Box 372, Brightwaters, Long Island, N. Y. 


¢ 


Election of Peter D. White to the presidency of th 
Babcock & Wilcox Tube Co. was recently announced. Mr, 
White was formerly a vice president and a director of 
the company. 

° 


Frederick R. Dickerson is the newly appointed sale 
manager of the Pump Div. of Geo. D. Roper Corp. With 
the Roper Corp. since 1936, Mr. Dickerson was in the 
engineering department as well as the pump sales de 
partment before being appointed to this new position. 


¢ 


Previously head of special steel sales at the Cleveland 
plant of Joseph T. Ryerson & Son Inc., W. E. Falberg 
has been appointed manager of alloy and stainless sales 
at the company’s plant in Chicago. Succeeding Mr. 
Falberg in Cleveland is E. H. Bodenmann, formerly a 
sales representative in the stainless steel department of 
the Ryerson plant in Chicago. 


+ 


United States Rubber Co. has announced the appoint- 
ment of Henry A. Rome as manager of molded goods 
sales to succeed F. W. Archibald, who is retiring. 


o 


According to a recent announcement by the Carpenter 
Steel Co., Omar V. Greene has been promoted from as- 
sistant general sales manager to manager of product 
development. H. Sturgis Potter was promoted from man- 
ager of tool-steel sales to sales manager in charge of all 
Reading products. 

* 


Formerly a metallurgical engineer with General Elec- 
tric Co., Neil F. Ritchey has been named an engineer in 
the technical service department of the Reynolds Metals 
Co., Louisville. 

. 


Hydraulic Equipment Co. of Cleveland has announced 
the re-election of Hall Kirkham as president. Continuing 
in the post of vice president is Harold J. Zimmermat. 


+ 


Appointment of Charles B. Miller as district manage! 
of Goodyear Tire and Rubber Co.’s Mechanical Goods 
Div. at Chicago has been announced. Mr. Miller suc 
ceeds G. E. McMahon. He is succeeded in his former 
post, by W. F. Burdick. 


¢ 


Formerly sales engineer, R. C. Ochs has been appointed 
sales manager of the Saginaw Dynamatic Devices Di. 
of Eaton Mfg. Co. Mr. Ochs was formerly with National 
Acme Co. 

' 


Election of W. S. Austin to the post of vice president 
has been announced by LeMaire Tool & Mfg. Co. M& 
Austin will continue as sales manager of the company: 
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Supersensitive 
Fluid Tight 


With L7~7=AP Precision Moulded Diaphragms 


The maintenance of uniform pressure in low pres- § Diaphragm permits easier assembly without slack 
sure gas appliances is a tough problem. But it has at the flange, thus completely eliminating possi- 
been licked by the LINEAR Moulded Diaphragm bility of leakage. 

.. the heart of this Weatherhead No. 815 LP Gas” LINEAR knows how important it. is to maintain 
Regulator. This supersensitive, homogeneous dia- strict control over all three elements necessary to 
phragm, precision moulded to a .0625’’ edge for produce a good diaphragm. The physical and chem- 
gasket sealing and a .0312”’ inside flexing area, is so ical properties as well as the mechanical design are 
sensitive that it maintains uniform delivery pres- all given the same careful attention from the design 
sure over a wide range of inlet pressures from the board to the final inspection table. At LINEAR 
storage tank. What’s more, this LINEAR Moulded rigid supervision guarantees results. 








Whether your requirement is for a heavy-duty fabric reinforced diaphragm 
or for the most sensitive, flexible type, LINEAR will gladly help you on 
any tough design problem within our scope. Send full engineering data 
— LINEAR will recommend materials and designs that are right! 


i. =e FE Gee Y ENGtUIAN® € & 8.4.2 P AC K Nn © 3" 





LINEAL 


LINEAR, Inc., STATE ROAD & LEVICK STREET, PHILADELPHIA 35, PA. 





MACHINE DESIGN—June, 1948 205 











WOVEN WIRE 
CONVEYOR BELTS 


Mounted on a standard as- 
sembly conveyor, this Cam- 


bridge Duplex Belt speeds 


production of fabricated auto- 
motive parts by combining 
movement with assembly. 


“JOB-FITTED*’ 
TO YOUR 
CONVEYOR bay Va wale) | 





Whether your products are sorted, heated, or 
chemically treated the Cambridge Belt designed 
especially for your continuous handling installa- 
tion is “‘Job-Fitted” for maximum performance 


and operating economy. 


Specific metals or alloys . . . certain meshes or 
weaves ... are selected from our past engineering 
experience with the conditions under which your 
belt must be used. 


FREE BOOK describing Cambridge belts 
for industrial use. 130 pages of valuable 
data for men concerned with plant oper- 
ation. Write today for your copy. 





Call in your Cambridge engineer whenever you have a 
problem in combining continuous processing with move- 
There’s a Cambridge representative near you. 


Cambridge Wire Cloth Co. 


Department A + Cambridge 6, Maryland 


SALES OFFICES IN: BOSTON NEW YORK + BALTIMORE 
PITTSBURGH * DETROIT > CHICAGO > SAN FRANCISCO: ST. LOUIS 


ment. 
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Nonmetallic Diaphragms 


(Concluded from Page 158) 


the outlet for an oil cushion to be trapped when the 
accumulator“ts discharged in order to minimize stress 
concentration on the rubber bag wall. The tapered 
shape of the bag eliminates the trapping of the fluid 
while it is being discharged by providing progres. 
sive expansion of the bag itself toward the discharge 
end. 

The preceding illustrations should give some indi- 
cation of the variety of conditions which can be sue. 
cessfully handled by the correct application of fiex. 
ible nonmetallic diaphragms. Contingent upon care. 
ful mechanical design and selection of materials 
there is almost no limit to their versatility. 


The author wishes to express his appreciation for the 
valuable assistance and helpful co-operation given in the 
preparation of this article by the following companies: 


H. Belfield Co. .. Se ae 
Greer Hydraulics Inc. ... . Brooklyn, N 
Grumman Aircraft Engineering Corp.. 
...... Bethpage, Long Island, NY, 
The New York ‘Air Brake Ree 5 2a. .¢ rane Watertown, N. Y. 
Weatherhead Co. . Cleveland 
The Federal Welder & Machine Co.. Warren, Ohio 


MEETINGS AND 
EXPOSITIONS 


American Society of Mechanical Engineers, Applied Mechanics divi- 
sion meeting to be held at the Illinois Institute of Technology, Chicago. 
C. E. Davies, 29 West 39th St., New York 18, is secretary. 





June 21-25— 

American Institute of Electrical Engineers. Summer general meeting 
to be held in Mexico City, Mexico. Additional information may be ob- 
tained from society headquarters, 33 West 39th St., New York 18, 
H. Henline is secretary. 


June 21-25— 

American Society for Testing Materials. Fifty-first annual meeting 
to be held at the Book-Cadillac Hotel, Detroit. Robert J. Painter, 1916 
Race St., Philadelphia 3, is assistant to the secretary. 


June 28-July 1— 

American Electroplaters’ Society. Thirty-fifth annual convention to be 
held at the Ambassador Hotel, Atlantic City, N. J. Additional informa- 
tion may be obtained from the national offices at 473 York Rd., Jenkin 
town, Pa. 


June 29-30— 


National Warm Air Heating and Air Conditioning Association. Mid- 
year convention to be held at the Edgewater Beach Hotel, Chictg0 
George Boeddener, 145 Public Square, Cleveland 14, is managing d- 
rector. 


Aug. 10-13— 


First Western Packaging Exposition and Conference to be held in the 
San Francisco Civic Auditorium, San Francisco. Clapp & Poliak, [uty 
Empire State Bldg., New York 1, are managing the exposition. 


Aug. 18-20— 


Society of Automotive Engineers. West Coast meeting to be held at 
the St. Francis Hotel, San Francisco. John A. C. Warner, 29 Wet 
39th St., New York 18, is general manager. 
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Which would you use as @ LUBRICANT 
for ROLLER BEARINGS? 


LAUNDRY BLEACH 


GLUE GASOLINE 

TAR ALCOHOL RAYON 

SULPHUR SOAP THERMOPLASTICS 
PARAFFIN INK 
RESIN GELATIN 
ASPHALT VARNISH 
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there are three! 


WHERE 


Sizes 1, 2 and 3 of Ward Leonard’s new 
Solenoid Contactors are now available 


BASIC 
DESIGNS 


The advantages of Ward Leonard’s re- 

ig cently introduced A-C Solenoid contactor 

FLECTRIC can now be obtained in 2 and 3 pole 

combinations rated up to 100 amperes. 
CONTROLS 


ARE 
alee 


All these sizes provide ‘“Result-Engi- 
neered” features which you can’t afford 
to overlook. Let us point them out to 
you... Write for our Bulletins 4451, 
4452, 4453 and be convinced. Ward 
NGINEERED Leonard Electric Co., 58 South St., Mount 

arm Vernon, N. Y. Offices in principal cities 
of U. S. and Canada. 
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(Cuntinued from Page 152) 


pointer movement in relation to the change in read 
ing. All dials were conventional in that the dial Scale 
increased in the clockwise direction. Of necessity 
therefore, an increase in reading was indicated by 


upward pointer movement at the 9 o’clock positio, 


movement to the right at the 12 o’clock position, ay 
downward movement at the 3 o’clock position, Ap. 
parently the direction of movement at the 9 o’cloc 
position has the most natural or logical relationshi) 
to the accompanying increase or decrease in reading 

As is readily apparent, direction of movement j; 
an important variable affecting the speed and 2. 
curacy of qualitative instrument reading. For quanti. 
tative instruments with little or no direct relation 
to a control motion, the problem is usually solve 
by following the convention of having the scale in. 
crease in the clockwise direction on circular dial 
and upward or to the right on linear dials. 

Where knobs, cranks, levers or switches contri 
instrument readings, the problem becomes more con: 
plex. In aircraft, the convention is normally followel 
of using clockwise, forward, or upward motion of 
the control for increase. Situations arise in which 
the convention cannot be followed, and in all cases it 
seems most desirable to use the motion relationship 
which the operator is most likely to try on his firs 
attempt. In studies the following general principles 
have been shown to apply to reaction preferences: 


1. If a rotary control knob moves in the same plane 
as a linear indicator, the operators consistently 
respond as if they expect the indicator to move in 
the same direction as the edge of the knob nearest 
the indicator 

2. When the indicator moves in an arc and moves in 
the same plane as a knob, the operators respond 
as if they expect the indicator to rotate in the 
same angular direction (clockwise or counter 
clockwise) as the knob 

3. If the knob and indicator movements are in dif- 
ferent planes, there appear to be no consistent 
operator preferences. 


From these findings we can conclude that wherevel 
possible, rotary knobs and the indicators which they 
control should move in the same plane of space, and 
should follow the principles as stated above for line#! 
and circular indicator movements. Much addition 
research, particularly with other types of controls ani 
indicators, remains to be done on this problem. 

QUANTITATIVE READING: In quantitative reading 
of instruments it is inevitable that two general typé 
of reading error will appear. The first type, whicl 
we can call “precision” errors, result from such fat: 
tors as inaccuracy in interpolating pointer position be 
tween graduation marks, parallax, and poor definitio 
of the pointer and markings. The second type ¥ 
will call “interpretation” errors, since they rest 
from failure to correctly interpret what is seen, witt 
the result that grossly erroneous values may be * 
signed to the instrument markings. 

The so-called “precision” errors are usually ™ 
small in magnitude to be a serious hazard in aviatio- 
Reading precision can normally be increased by @ 
pansion of the scale or by increasing the number 
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graduation marks. Increasing the number of gradua- 
tion marks, however, has definite limitations as illus- 
trated in Fig. 5. The very finely divided 1-unit dial 
gave only slightly more accurate readings than the 
junit dial. In an experiment where dials were ex- 
posed for a limited time, it was found that finely 
divided dials actually were read less accurately than 
the same dials with the small divisions deleted. The 
explanation appears to be that closely spaced divi- 
sions increase the complexity of the dial. The result- 
ing increase in interpretation errors offsets the ad- 
vantage of small divisions. 

Interpolation errors have been investigated in rela- 
tion to the size of the graduation intervals. Fig. 6 
shows the magnitude of the intepolation error plotted 
as a function of the linear distance between scale 
divisions. It is evident from the curve that very little 
increase in accuracy of interpolation can be gained 
by scale divisions greater than 0.25-inch. As the 
scale divisions are reduced below this value, however, 
the interpolation error, when expressed as a per- 
centage of the space between marks, increases rapidly. 
From the point of view of interpolation error, it is 
concluded that the optimum spacing of dial gradua- 
tion marks is approximately 0.25-inch. 

“Interpretation” errors are a_ serious problem 
wherever quantitative data are obtained from instru- 
ments. These errors may be very large and are often 
multiples of 10,000 or 1000 units. In aviation, for 
example, 1000-foot errors in reading the altimeter are 
a particularly serious hazard. In Field Artillery, 100- 
mill errors in readings of micrometer azimuth scales 
were a serious problem in the recent war. It is 
quantitative reading errors of this type, where faulty 
interpretation leads to large and repeated errors, 
that are in greatest need of investigation. 

Quantitative errors in altimeter reading and meth- 
ods of reducing them have been investigated. Nine 
experimental indicator designs, including the conven- 
tional three-pointer altimeter, were studied. Twelve 
settings were read on each indicator by 97 USAF 
pilots and 79 college men without aircrew experience: 
Results are shown in Fig. 7 for the conventional alti- 
meter and for a combination pointer and counter in- 
dicator which, from the results of this experiment, 
has been recommended for future use. Also shown 
are the results for a direct reading counter. 


CoNcLUSION: The foregoing provides a survey of 
some of the psychological research aimed toward 
improvement in ease of reading of aircraft and other 
instruments. The results which have been cited 
illustrate that great improvements in reading ease 
can be achieved by changes in the manner of dis- 
Playing the information to the man. It should ‘be 
emphasized that psychological research in this field 
18 in its infancy, and that a vast amount of additional 
Tesearch is needed. In time, however, we can hope to 
See the emergence of basic principles which describe the 
optimum methods of feeding information into the 
human servo link between instruments and machine 
controls. By the application of these principles to the 
design of instruments, it should be possible for engi- 
heers to increase human efficiency and safety in 
many of man’s complex tasks. 
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Ward Leonard a-c Magnetic Starter Is 
Small in Size, Big in Performance 


For fast, positive, dependable across-the- 
line starting of non-reversing motors, in- 
stall Ward Leonard 4110 a-c Magnetic IN 
Starters. 

Unit construction. Open or enclosed 
type. Accessible components. Double- 
break silver-to-silver main contacts. 
Thermal relays give overload protection. 
Local ‘or remote control. 

Ward Leonard Starters are “Result- 
Engineered.” By modifying a basic de- 
sign, Ward Leonard can give you the 
results of a special . . . for the cost of a 
standard. 

Write for Bulletin 4110. Ward Leonard 
Electric Co., 58 South St., Mount Vernon, 
N. Y. Offices in principal cities of U. S. 
and Canada. 
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PUMPS ENGINEERED TO FIT 


Roper manufactures an extensive line of precisig 
multitude of applications in bulk stations, tank trucks, 
and industrial plants. Illustrated are three example 
3600, K, and F — each representative of varying 






FOR PRESSURES TO 60 LBS. P.S.I. 
CAPACITIES FROM 40 TO 200 G.P.M. 





FOR PRESSURES TO 150 LBS. P.S.I. 
CAPACITIES IN 30, 40, 50 G.P.M. SIZES 


FIG. 1F — Features four-port 
design offering eight optional 

> piping arrangements. Hy- 
‘dtaulic 


driven; ideal for pumping 
clean ‘liquids of all kinds. 
Other models — including re- 

lief valve models — available 
in 1 to 300 g.p.m. sizes. 





FOR PRESSURES TO 300 LBS. P.S.I. 
CAPACITIES FROM 1 TO 300 G.P.M. 


Send for Catalog on 
Complete Line 


Illustrating and describing pumps built 
to handle pressures up to 1000 Ibs. p.s.i., 

® ‘capacities 94 to 300 g.p.m., at speeds 
up to 1800 r.p.m. 





GEO. D. ROPER CORP., 246 Blackhawk Park Ave., Rockford, Ill. 
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DESIGN 
ABSTRACTS 


Full Scale Development 


OMPLICATED aircraft system 

can be developed to the point 
where their incorporation in an air. 
plane will not result in undue me. 
chanical difficulty. One of the fip. 
est examples to back up this state. 
ment is the hydraulic system of the 
Constellation. Lockheed engineer 
realized that the hydraulic system 
would be the heart of the airplan 
because it was being depended upon 
to operate the flight control surfaces 
in addition to performing the many 
functions normally handled by a by. 
draulic system. They were aly 
well aware of the generally bad rep- 
utation of hydraulic systems in con- 
temporary aircraft. It was freely 
predicted ground Wrizht Field that 
the Constellation hydraulic system 
would keep the airplane on the grouni 
most of the time. 


Checking Hydraulic System Design 


The Lockheed company built an 
elaborate mock-up of the hydraulic 
system, which actually was a full 
scale working model. This test hy- 
draulic system duplicated the entire 
system as conceived for the airplane 
in every detail. The mock-up was 
equipped with a cockpit, and it was 
possible to “fly” the mock-up in the 
research department, operating the 
flight control system by the hydrau- 
lic boost against loads equal to the 
aerodynamic loads later to be im- 
posed on the surfaces. You could also 
steer the nose wheel, retract the land- 
ing gear, operate the flaps, and op- 
erate the automatic pilot, all against 
loads exactly the same as those which 
would later be imposed on the sys 
tem in the actual airplane. This 
mock-up permitted Lockheed to check 
numerous conditions which they des 
ignated “What-Ifs.” Such as, wha 
if one hydraulic pump fails? wha 
if the line to the inboard flap cylit 
der ruptures? From the many hours 
of operation of this system and check 
ing innumerable “what-ifs,” much 
was learned about the hydraulic sy* 
tem and many design changes ani 
modifications were developed and it 
corporated in the actual airplane. I! 
is gratifying to say the least the 
the hydraulic system in the Constel 
lation, complicated as it was, ca 
much less trouble than was expected 
and far less trouble than much silt 
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A REVEALING NEW BOOK—Here’s the inside story on how manufacturers of a wide 
range of products have found that it pays to use magnesium. It’s a book of actual case 
studies of successful magnesium applications—a book that will be of direct interest to you. 


~<a 
esium Pay 
IN HOUSEHOLD GOODS 


SOLUTION: Magnesium sand castings have proved to be 
most satisfactory for the wheels and side frames of the 





PROBLEM: lawnmower. These new parts not only have higher impact 
This manufacturer desired to mod- strength and therefore greater resistance to breakage but 
ernize the design and reduce the are 75% lighter than those fabricated from the material 
total weight of his product in an previously used. The greater rigidity of thicker magnesium 
i eesnd ers gcse sections provides more ruggedness and resistance to 

; cg: hagas apa handling abuse. Designed in magnesium, the sand cast 


had to provide high strength and 
tigidity with minimum vibration 
and lend itself readily to economi- 
cal fabricating operations. 


ee en a eee 


L 


parts also permit a savings in fabrication costs. Further, 
magnesium’s damping capacity reduces vibration and noise 
during operation of the mower. Total weight now is 
less than 30 pounds as compared to approximately 
45 pounds for previous models. The modernized 
lawnmower gives smooth, efficient perform- 
ance and has added customer appeal. 












YOU, TOO CAN MA 


Magnesium pays for others—it can pay 
this new study today. 
MAGNESIUM DIVISION, THE DOW CHE 


Send me the study MP-45 “How Magnesiu 


Name 





Title = 





Firm — 





Address 


MAGNESIUM DIVISION « THE DOW CHE 


New York © Boston © Philadelphia « Washingto 
Houston e San Francisco 
Dow Chemical of Canadd 
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“My new conveyor 


“‘Why use specials? 
Design for stock 
parts . . . they'll 


cut your costs.” 





“Look at this data 
book—it lists gears, 





design has me wor- 
ried . . . special 
parts are running 
costs ’way up.” 


Ss 


oo. 
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speed reducers, ball 
bearings, flexible 
couplings . . . over 
4000 stock items, 
complete with 
design data! It’s 
saved me lots of 
time ... and cash.” 


















“This is a_ gold 
mine! . . . the most 
complete line I’ve 





“You bet it is — 
I’ve used Boston 
Gear’s catalog for 
years. Its products 
are tops in quality, 
too.”’ 


“Here are the very 
gears I thought 
would have to be 
specially made...” 























“‘Let’s see .. . if I mod- 
ify my design just a 
little I can use Boston 
Gear stock parts and 
save about $150 per 
unit—what a saving!” 
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“If you’re a designer, draftsman or manufac- 
turer, this great data book can save you de- 
sign and drafting time ...cut production 
costs. Complete data on stock machine parts 
— sizes, dimen- 
sions, types, mate- 
rials, etc., ready to 
transfer to plans. 









































n ‘ 
a “ 4 
, FRE Put this 320 page data book : 
a i. : 
: to work earning for YOU! : 
. 101 separate groups of products — 4326 individual items — . 
8 engineered, mass produced to custom standards for your application. Alsocon- 4 
§ tains much valuable working data for designers, engineers, maintenance men. 
a 4 
NINDS big. cit, SEN Rta cil) oc ap nanometer Na acon teeters ; 
a ‘ 
i SERRE SL TNE: NE SORE BA CR Dae AIO RD 
rn 

ee ee Oe caste opbecinteprnenvemsiants H 
: ORES BD ae SS SER OEE ee Pi Zone........ NS sack vasnconswieicisinsh : 
‘ ' 
: °o f th Id lete | B ° $ T ° N : 
' ne of the world’s most complete lines i 
; 62 distributors in major cities & E A ® Ww  ] Mw 4 oe : 
H 18 Hayward St., Quincy 71, Mass. H 
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Nearby distribu- ot i 
tors can fill your JC o,° 
needs from one re- <-> 
liable source! Send a. 
coupon.” | 

is Re ti 








pler hydraulic systems in other air. 
planes had been causing. 

Many people have recommended 
that the airplane industry should look 
to the automotive industry for ag 
vice and for examples of how a new 
model should be prototyped, tested, 
and proved prior to placement intg 
production. It is realized that there 
is no real basis for comparison of the 
airplane industry to the passenger car 
industry. However, there are certain 
lessons which can be learned from 
the passenger car industry. One fact 
which is worthy of note is that prac. 
tically all of the engineers of a pas- 
senger car manufacturing industry 
are owners and operators of cars, 
Their designs are, therefore, influ- 
enced by their knowledge of actual 
operating problems and conditions, 
Aircraft manufacturers certainly can- 
not hire owners and operators of 
transport airplanes, but there are 
methods by which they could take ad- 
vantage of actual operating knowl 
edge. Several means to attain this 
end are available. Manufacturers 
should send their engineering group 
heads on periodic visits to airline 
maintenance and overhaul bases. They 
should also bolster their enzineering 
staffs by requiring that a certain per- 
centage of new engineers hired have 
airline experience. 

We can and should look around us 
in the aircraft industry for examples 
of how to develop aircraft systems 
and airplanes. These observations 
will be much more beneficial and 
profitable than endeavoring to in- 
vestigate methods used by the auto- 
motive industry which are beyond 
the realm of possibility for the air- 
craft industry. The development of 
the Constellation hydraulic system 
is one example of how a complicated 
system can be tested, improved, and 
finally developed prior to placement 
of the airplanes into production or 
into airline service.—From a paper 
by L. R. Koepnick of Transcontinen- 
tal & Western Air, Inc., presented 
at the recent SAE national aeronaut- 
ic and air transport meeting in New 
York. 


Applications of Silicone Rubbers 


sign engineer a_ solution to 

many temperature problems be- 
cause of its superiority to conven- 
tional rubbers under high heat. It re- 
tains its flexibility, resiliency and 
surface hardness over a range of 
temperature from —70 F to +500 F, 
for long periods of heat aging. I 
addition, its resistance to oxidation, 
its low compression set, and its good 


S ILICONE rubber offers the de- 
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TO ABSORB SHOCK 


—Fuel Lines need Barco Flexible Joints 


The battering impacts and shocks of vibration in mechani- 
cal operation are absorbed by Barco Flexible Joints. Pro- 
viding for expansion and contraction, they keep pipes 
aligned, protect fluid-conveying systems against interrup- 
tions or breakdowns. In every branch of industry and 
transportation you will find Barco Joints at work, giving 
fuel line systems longer life, insuring steadier and more 
economical operation. Full details on request. Barco 
Manufacturing Company, 1806 Winnemac Avenue, Chi- 
cago 40, Illinois. 


ti Not just a swivel joint 

FLEXIBLE JOINTS sits contin 

‘ a swivel and ball joint 
: with rotary molion and 


g responsive movement 
FREE ENTERPRISE—THE CORNERSTONE OF AMERICAN PROSPERITY through every angle. 


In Canada: The Holden Co., Ltd., Montreal, Canada. “MOVE IN DIRECTION” 
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Almost no matter how large — small — or intricately you design with 
castings, CONTINENTAL'S three complete foundries and machine shops 
can furnish you with the exact castings your job requires. The job 
shown is typical of the thousands of diversified applications in which 
you'll find CONTINENTAL carbon or alloy steel castings of all types 
and patterns serving designers’ strictest requirements. CONTINENTAL 
Castings’ skilled precision and economical dependability are regularly 
providing lower manufacturing and material costs in thousands of 
end-products. To profit by these same advantages, submit your early 
designs to CONTINENTAL for problem-solving counsel and estimates 
on your casting requirements. 


pp RR, RE Sy Se an 


“ throughout the metalworking industry as the prime 
product of the Chambersburg Engineering Co., Chambers- 
burg, Pa. Heavy-duty castings by Continental! 


RE oa nental 
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FOUNDRY & MACHINE CO. 


CHICAGO . PITTSBURGH 
Plants at: E. Chicago, Ind.; Wheeling, W. Va.; Pittsburgh, Pa. 











electrical properties are favorable 
factors in many applications. Lim. 
itations of the material can be large. 
ly overcome by proper design. 

Since the properties of silicone ryp. 
ber do not match those of naturg 
or synthetic rubber at room temper. 
ture, misconceptions of this materia] 
will arise if it is merely substituted 
for conventional rubber in existing 
designs. However, design problems 
are simplified because fabrication of 
finished parts from the compounded 
silicone stocks can be accomplished in 
many ways. Techniques of molding, 
extrusion, wire coating, laminating, 
cloth coating and bonding have been 
worked out successfully. 


Gaskets, Seals and Packings 


Industrial uses to which the new 
product may be put are varied 
Among these is its use for gaskets 
and packings. Its flexibility and long 
life at high temperatures make it 
especially suitable for gaskets where 
hot air under pressure is being trans- 
ferred. In this application, designs 
proved successful in a 16-cylinder 
diesel engine where operating condi- 
tions were 300 F and 15 psi air pres- 
sure. The heat aging of the silicone 
rubber in this case eliminated fre- 
quent replacement of the gasket. 

In an early model aircraft turbo 
supercharger, a large O-ring gasket 
was necessary for proper sealing ac- 
tion. An extruded silicone rubber 
rod bonded at the ends to form an 
O-ring provided successful gasketing 
action. Operating conditions were 
400 F. An O-ring design of silicone 
rubber provided an effective oil and 
air vapor seal on the TC-180 jet en- 
gine. The temperature at the point 
of seal was 350 to 400 F. No swell- 
ing was observed from the effects of 
the oil vapor and the gasket could 
be reused. 

V-rings or chevron packings can 
be molded from silicone rubber stock 
to increase the operating tempera- 
ture of oil seals. A seal was pro- 
vided around a_ high-speed shaft 
where oil temperature was between 
300 and 400 F. 

One quality of the new material 
is that it has no tendency to stick or 
adhere to metallic or nonmetallic sur- 
faces. In the discharge valve seat of 
an electric hot water heater, high 
temperatures and no adhesion were 
the problems. A _ silicone rubber 
valve met both requirements.—From 
@ paper by George 8. Irby Jr., Wy 
man Goss and James J. Pyle of thé 
General Electric plastics laboratory 
at Pittsfield, Mass., presented at thé 
recent annual meeting of the ASME. 
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Pitch line section through two conventional teeth where 
a slight misalignment of the gears’ axes throws heavy 
end bearing on both teeth. 













If you wanted to break a gear tooth, you could 
do it easier by hammering on one end rather 


than in the center of the tooth. 





That is just what gear manufacturers want to 


avoid, so they prevent dangerous end bearing 



















Similar section through two Elliptoid teeth. Although 


" st bearing extends across 85% of the tooth face, mis- 
form. Then slight misalignments due to deflec- alignment cannot impose end bearing on either tooth. 


on gear teeth by shaving them to the Elliptoid 


tions and menufacturing tolerances can’t put 
critical loads on the ends of the teeth where 


the 
y are most vulnerable. In other words, the The Elliptoid or 


specified lead tolerance is taken in a curved crowned tooth, ex- 
; : aggerated to illus- 
line rather than a.straight one. trate the principle 


involved. Actual 


The Elliptoid gear tooth form is modification is nor- 








produced on Red Ring Rotary mally less than 
Shaving Machines. For further in- 0005”. 
formation, write for descriptive 






bulletin. 





NATIONAL BROACH AND MACHINE CoO. 


5600 ST. JEAN ° . DETROIT 13, MICHIGAN 
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Du 


nter-metallic com 
24 Ampco 


A new 


fell lite Man  @laelel 


Metal results in longer runs 
for drawing dies such as these 

in most cases many times 
longer than steel dies 
fore re-dressing 


— be 


Ampco Metal Grade 24 
cuts your drawing costs 





Gives longer runs before re-dressing — 
* no galling and loading on stainless steel 


Here’s the new Ampco Metal Alloy — 
Grade 24. It gives you more hardness 
and compressive strength than any other 
bronze — even more than Grade 22 
Ampco Metal which you have used for 
your drawing and forming work in the 
past. Machinability of Grade 24 is about 
the same as that.of Grade 22. 


Dozens of disinterested shops have al- 
ready tested this new alloy in-die work. 
They proved that Grade 24 gives you 
2 to 5 times the die life previously con- 
sidered standard. 


These tests also proved that Grade 24 
Ampco Metal dies are superior to steel 
dies on many jobs, especially stainless 


steel. A typical test case showed a 
77,000 run on an Ampco Metal die, 
compared to a 3000 run on a steel die. 
The Ampco Metal die does not seize or 
gall. There is less frequent need for re- 
dressing. As a result, you get longer 
runs at lower cost. Actual superiority 
varies according to die-tolerances and 
working stock. 


Plan now to get more work per dol- 
lar from your dies. Use the longer-run 
advantages of Grade 24 Ampco Metal 
to avoid investment in more expensive 
carbide dies. See your nearby Ampco 
engineer today, for the complete cost- 
cutting story on Grade 24! Write for 
bulletins giving complete data today. 


Ampco Metal, Inc. 
Dept. MD-6, Milwaukee 4, Wisconsin 









Non-sparking 
safety tools 


Fabricated . 
assemblies 


Corrosion- 
resistant pumps 








Castings 


Field Offices in Principal Cities 


Specialists in en- 
gineering, produc- 
tion, finishing of 
copper-base alloy 
parts and products. 
















| 
| 
| 
| 


NEW MACHINES 


And the Companies Behind Them 


Commercial 


ELECTRIC FAN. Size, 24-in. Three 
speeds deliver 4800, 3600 and 219 
cfm at 24 inches. Safety feature 


| prevents fan from tipping. Motor, 


%-hp, 6-pole, permanent split. 
phase induction type, fitted with 
porous bronze bearings. Dynani. 
cally balanced aluminum rotor 
G-M Laboratories, Chicago. 

AIR CIRCULATOR. Multi-vane blower 
gives 360-degree diffusion of air, 
Soft rubber feet cushion vibration, 
Operates on 110 volts, 50 or 60 
cycle a-c; 10 inches high, 71% inches 
diam. Electronic Rectifiers, Ine, 
Indianapolis 2, Ind. 

DISH WASHER. 1250 dishes per hour; 
automatically timed cycles. Hood 
has two counterbalanced doors, 
Centrifugal pump, open type, non- 
clogging, submerged, 150 gals wa- 
ter per minute at 10 Ib pressure. 
Steam injector with thermostat; 1 
hp motor. Champion Wish Washer 
Co., Erie, Pa. 

DISH WASHER. 1200 dishes per hour; 
automatic lift; automatically timed 
wash and rinse. Tank capacity, 12 
gal; 14%4-hp motor; pump, 60 gals 
per minute at 7-8 lb spray pres- 
sure. Gas, electric, or steam heat; 
safety overflow; 16-gage stainless 
steel tank. Thermo Cuber Co. Inc., 
Chicago 14. 


Communications 


SOUND MOTION PICTURE PROJECTOR. 
Projects 35-mm pictures directly 
onto pickup tube of television film 
camera. Pulsed light source, elec- 
tronically triggered to provide 60 
high-intensity flashes per second, 
eliminates need for shutter. All 
moving parts automatically and 


continuously lubricated. Radio 
Corp. of America, RCA Victor Div., 
Camden, N. J. 

Domestic 


ELECTRIC WALL HEATER. Built-in. Ra- 
Giant-convection principle; 1320 
watts, 115 volts ac-dc; delivers 
4507 Btu per hour. Exposed sul- 
faces, hammer-tone gray; reflector, 
highly polished corrugated alumi- 
num. Two Nichrome wire heating 
elements. General Electric ©, 
Bridgeport 2, Conn. 

O1u HEATER. Combination oil boiler 
burner; automatic; for hot water 
heating systems. Consists of boilef, 
burner and five controls. Boiler # 


Sheet, cast- 
extruded-rod 





cast iron, has low draft loss. Burt 
er is flange-mounted, attached 
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The items illustrated are representa- ° 
tive of Barth tooling, stamping and 
: special machinery services. 





YOU GET ALL SERVICES AT BARTH: 


DO YOU KNOW that the Barth Organization, with its excep- 
tionally versatile engineering and production facilities, is helping 
many nationally prominent, as well as independent manufac- 
turers, to improve production, sales and profits in three ways:— 


[Vi MANUFACTURING 


Whether a few or millions of stampings or complete assemblies 
are required, Barth equipment employing pressures up to 300 
tons and strokes of 20 inches are available to supplement your 
own production or to fabricate the article complete. 


[Wj COMPLETE TOOLING 


Whether a single die or a complete and complicated tooling 
program is involved, Barth makes available to you tools and 
dies of extreme precision, special machines and special equip- 
ment that enable you to increase production and reduce costs. 


[vf SPECIAL MACHINERY 


Special machinery “designed and built by Barth” is improving 
production and reducing costs in a wide diversity of installations 
—radio, vacuumizing, automatic welding, knitting, packaging, 
nail, brush, electrical, stove, press adaptations and assembly. 
For further details on these three Barth Services, ask for the Barth 


Catalogue. 
B ART STAMPING & MACHINE WORKS, Inc 
: eee Denison at W. 54* St., Cleveland 9, Ohio 
DESIGNERS AND BUILDERS OF DIES, TOOLS AND SPECIAL MACHINERY 


MACHINE DESIGN—June, 1948 





217 





SWIFT e 


ir 
a Ys Up, 


ae often remarked that 
no piece of equipment can be 
superior to its component parts... 
You appreciate the broad rec- 
ognition and acceptance of BCA 
Ball Bearings in industry... 
You know you can tell your 
engineers to draw upon our half- 
century of experience in friction 
control practices, encompassing 
many varied fields of industry... 
You, who insist upon continu- 
ous, full-capacity, trouble-free op- 
eration, know this can be assured 
by specifying BCA Ball Bearings. 


BEARINGS COMPANY OF AMERICA 
LANCASTER, PENNSYLVANIA 


mi 
ane Wt” 


OOTH e STEADY 


WANCE 




















three studs. United States Radiator 
Corp., Detroit. 


WRINGER WASHER. Holds ten pounds. 

















dry clothes. Wringer rolls stopped 





by slight-pressure push or pull 
Washing done by aluminum-alloy 
activator. Porcelain-enameled, self. 


draining tub mounted on rubber 
gasket. Friction-driven pump emp- 
ties tub in two minutes. Genera) 
Electric Co., Bridgeport 2, Conn. 


FLATPLATE IRONER. Has no cabinet 


cover. Ironing surface, 300 square 
inches; 400 pounds pressure ap- 
plied hydraulically, handle con- 
trolled. Two G-E Calrod heating 
elements clamped to aluminum 
shoe. Two thermostats provide in- 
dividual temperature control at 
each end of shoe. General Electric 
Co., Bridgeport 2, Conn. 


AUTOMATIC CLOTHES WASHER. Wash- 
ing done by activator which soaks, 


flexes and rubs clothes. Waters 
continuously circulated through fil- 
ter screens. In seven-minute dry- 
ing cycle, clothes are spun at 1140 
rpm. Antisyphonage system. Gen- 
eral Electric Co., Bridgeport 2, 
Conn. 


Industrial 


SPRAY MACHINE. Handles up to six 


tons wet material per hour. Vari- 
able speed range to 20,000 rpm; 
power ratings to 60 hp. Stainless 
steel feed pipe and atomizing 
wheel. Shaft assemblies dynami- 
cally balanced. Gravity fed oiling 
system; centrifugal atomization. 
Bowen Engineering Inc., Garwood, 
N. J. 


POWER UNIT. Hydraulic. Consists of: 


35-gal oil storage tank, electric 
motor, 1000-psi gear pump, relief 
valve, coupling, pipe and fittings, 
and suction hose and clamps. Three 
sizes: 6 gpm, 10 gpm and 15 gpm. 
Hydro-Power Div., The Hydraulic 
Press Mfg. Co., Mount Gilead, O. 


ELECTRIC GENERATOR. Air powered; 


portable. Supplies power to operate 
two 75-watt, 115-volt lamps. Can- 
not be harmed by short circuits or 
overloads. Air consumption: 10 
cfm at 90 Ib pressure. Ingersoll- 
Rand Co., Phillipsburg, N. J. 


DIESEL ELECTRIC PLANTS. Air-cooled 


(2500-watt) and water-cooled (10,- 
000 to 35,000-watt). Electrically 
cranked engines; automatically 
regulated generators; rubber shock 
mounting; built-in instrument pan- 
els. D. W. Onan & Sons, Inc., Min- 
neapolis. 


SCALING HAMMER. Pneumatic. For re- 


moving rust, scale, paint, soot, etc. 
Easy-feathering throttle control; 
self-seating type main valve. Valve 
mechanism sealed against air leak- 
age and dirt. Master Pneumatic 
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Your Tubing Jobs 
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_ WELDED TURES A Finding the right tube—Seamless 
vehi | y or Welded—for ANY pressure or 
aters PREGGURE Tuaee——@ BEG mechanical applications in your plant 
‘a | cai or in equipment you make—is a simple 
x | MECHANICAL TURING —F Seer che 
7 : 7 . | In B&W tubing you have the widest 
choice of analyses available from one 
source ... including a full range of 
» six SAE-AISI steels, and seamless and 
fr welded stainless grades. 
ales Centralizing your tube requirements for 
on ALL purposes at B&W also gives you 
ling the benefit of more than forty years 
a research, engineering and manufacturing 
experience in supplying high grade 
= tubing of ALL types for ALL purposes. 
lief In many cases, authorized distributors 
ngs, : ir ad 
eo in all principal cities can fill your 
pm. orders promptly from local warehouse 
* stocks . . . but remember to specify 
ed; “B&W Tubes”. 
‘ate 
lan- 
} or 
10 
oll- ane 
led ; 
= BABCOCK 
lly 
& WILCO 
: SORES Trey 
Bs Wikcox /BES 
é COMPayy 
te. . 
ol; 
ve 
k- 
Lic 
‘8 | MACHINE Design—June, 1948 219 



























































ROLLE 


marks. ® 


Steel Studs ° 


TO SOLV 
FASTEN 


D THREADS 


ER PROBLEMS 


ff 


Accurate thread form — class 4 
tolerance — precise 
Highly finished threads—no tool 


lead. ° 


Increased tensile 


strength—continuous grain flow. 


THREAD LENGTHS 

Soft Metals, up to 2%’ diameter x 3” 

long — any pitch. 

Heat Treated Metals (Rockwell C-31). 
Fine thread series up to 22 diam- 
eter x 2” long. 

Coarse thread series up to 114” 
diameter x 2” long. 


Remember RITCO for 
Special Bolts, Nuts and Studs ¢ Alloy 


Milled Body Bolts * Drop 


Forging * Diesel Engine Bolts and Studs 













Let us quote on your specifications 


RHODE ISLAND TOOL CO. 


148 West River Street, P. O. Box 1516 
PROVIDENCE 1, RHODE ISLAND 









. 


STAKING MACHINE. Automatic. 


UTILITY TOOL. Pneumatic. 


ENAMEL APPLIER. 


Tool Co. Inc., Orwell, O. 
Manufacturing 


RIVETING MACHINE. Pneumatic. Com- 


bines hammer action with rotation. 
Motor consumes 6 cfm air at 25 
psi; 4000 to 10,000 short-stroke 
blows per min. Throat depth, 44- 
in.; anvil height, 40 in.; overall 
height, 65 in.; weight, 275 Ib. 
Schlack Mfg. Co., Detroit 4. 

For 
staking or riveting fixed or mov- 
able joints. Uniform hammer-blow 
action. Four sizes available, man- 
ual or motor driven. High Speed 
Hammer Co. Inc., Rochester 5, 
4 


BASEBALL BAT BRANDING MACHINE. 


200 bats per hour. Burns trade- 
mark on bat or applies color. Elec- 
trically heated branding head ther- 
mostatically controlled. Floating 
type cradle rolls with spring pres- 
sure; cam action places mark on 
bat. Powered by %-hp gearmotor. 
The Acromark Co., Elizabeth 4, 
N. J. 


SHEET AND STRIP.MARKER. Prints all 


materials of any thickness at up to 
2000 feet per min. Powered by 
rubber-wheeled friction drive. 
Brass-back dies held by spring pin. 
Die pressure adjustable. The Pan- 
nier Corp., Pittsburgh 12. 

Variable 
speeds, 700 to 2400 rpm. High- 
torque geared motor, operable from 
1144-hp compressor. Used for pol- 
ishing, sanding, drilling, wire 
brushing, etc. Weight, 2% lb. The 
Aro Equipment Corp., Bryan, O. 
Automatically 
enamels raised faces of letters, 
numbers or designs on signs, li- 
cense plates, name plates, etc. Disk 
revolving beneath enamel fountain 
transfers enamel to rolls which 
pass over parts. Feeding by con- 
veyor or hand. Motor, 14-hp, 200- 
volt, 3-phase, a-c. The Acromark 
Co., Elizabeth 4, N. J. 


VIBRATING HAND TOOL. For marking 


and etching steel, glass, plastics, 
etc. 7200 strokes per minute. Plas- 
tic case. 110-125 volts, 60-cycle. 
Weight, 9 oz. Handicraft Division, 
Burgess Battery Co., Lake Zurich, 
Til. 


EMBOSSING AND JACKETING PRESS. 


Draws sheet plastic into cylindri- 
cal matched containers and covers. 
Automatic drawing cycle with elec- 
tronic timing and dual heat con- 
trol. Capacity, 4-in. diameter parts. 


Taber Instrument Corp., North 
Tonawanda, N. Y. 

Materials Handling 
F'LOOR-TO-FLOOR CONVEYOR. Various 


models; 3-ply, 28-oz duck ruff- 
top rubber-covered belt 8 to 24 












U-S-AUTOMATIC CORP. 





SCREW MACHINE PARTS 


Rely on this 
trade - mark 


for precision screw 


machine parts. 


BAR CAPACITY 3/64” to 5 1/2” 


screw machines are ready to 
make your parts now. 


If your part is small (3/64”) 
or large (5 1/2”) we have the 
machines to do the job. We 
also have complete, turret 
lathe, milling machine, grinding 
and heat treating departments. 


Leading manufacturers depend 
on US for their parts production; 


you can, too. 





SEND US YOUR PRINTS TODAY 
WRITE FOR BULLETIN B 





BAR STOCK CAPACITY 
3/64” to 5 1/2” diameter 


ALL SECONDARY AND 
FINISHING OPERATIONS 


| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| More than a hundred automatic 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
: 
| UNDER ONE ROOF. 
| 






l enrcaco "NEW YORK 
DETROIT PITTSBURGH 
INDIANAPOLIS PHILADELPHIA 


| 
U-S- Automatic Corp. 
Amherst, Ohio 
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MS EW ‘bhotographic PHY” Les fou 
lop-qualiy icermedates at low cast 


It gives you everything—for intermediates 
and second originals—in one paper... 
With this one paper—Kodagraph Autopositive—you get 
everything you want. Here is a paper that gives you 
brilliant, black-on-white intermediates or second 





originals. A paper that gives sharp, clear repro- It gives original quality —and 
ductions of opaque drawings, faded originals, better... Kodagraph Autopositive Paper 
blueprints or direct process prints, weak-line, has the unique ability to give contrast 
“unprintable” pencil tracings. A paper that above that of the original—to reproduce 
assures better-than-ever shop-prints. A paper pencil drawings, for example, to ink-line 
that’s tough, long-lasting, non-curling . .. density without loss of detail. That’s 

that permits quick, because it’s a silver- 
easy deletions sensitized photo- 

and changes. graphic paper. 


Kodag raph Autopositive Paper 


Specify . . . it will pay you . . . Your own reproduction 
department can make intermediates for you on Kodagraph 
Autopositive Paper. Or your local blueprint service will be 
glad to do the job and to make direct process prints or blue- 
prints from the intermediates, if you wish. Be 
sure—though—to specify the new Kodagraph 
Autopositive Paper. Write for details. 





Mail coupon for FREE booklet 
It saves time and money... 
It's truly economical to use. It repro- 
duces directly-to-a-positive in ordinary 
room light on familiar direct process or 
blueprint equipment. Simple photographic 
processing ... no darkroom is needed... 
no expensive, time-consuming negative 
step. Extra-thin, evenly translucent 


Eastman Kodak Company 
Industrial Photographic Division 
Rochester 4, N. Y. 

Please send me a copy of “The Big 
New Plus”—your booklet about Kodagraph Autopositive 
Paper and the other papers in the Kodak line. I have 

C) direct process [) blueprint () contact printing equipment. 

















for sharp, clear shop-prints — Name—_____ — please pein . 
in a hurry, Department = 
Company y 
EASTMAN KODAK COMPANY RRS IR eee RCI, PT _e 
Industrial Photographic Division City A 
Rochester 4, N. Y. St A a 
ate. 
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THIS LITTLE BOOK 
MAY SAVE YOU BIG 
PRODUCTION MONEY' 


© Tells how you can save 
from 10# to 20¢ a pound 
on high speed steels and 
get better results! 





i 
1 
e Gives actual shop tests 
and comparisons! 

© Practical data on heat 
treatment! 


© Tells you how manufac- 
: turers are cutting produc- 
tion costs! 





YBDIC OXIDE — SRIQUETTED OR CANNED © FERROMOLYE- 
UM ©*’CALCIUM MOLYBDATE’ © CLIMAX FURNISHES AUTHOR- 
ATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS: 


CLT 


MAIL COUPON TODAY! 








CLIMAX MOLYBDENUM COMPANY MD-6 
500 Fifth Avenue, New York 18, N. Y. 


Please send me a copy of 
your free booklet 














inches wide. Driven by gearhead 
motor. Sage Equipment Co., Buf- 
falo 13. 

ELECTRIC LIFT TRUCK. Two speeds 
“Jead man” controlled by foot 
pedal. Full lift, 4 inches. Rubber- 
tired wheels. Battery, 340 amp-hr 
capacity. Lifting is by motor-op- 
erated hydraulic pump and simple 
ram. Market Forge Co., Everett 49, 
Mass. 

PORTABLE ELEVATOR. Two capacities, 
1000 and 2000 Ib. All-welded steel 
construction. Hand-powered hoist 
units have automatic holding brake. 
Heavy-duty, foot-operated floor 
lock. The Economy Engineering 
Co., Chicago. 

SUSPENDED-FORK TRUCK. Battery 
powered. Automatic tilt; nonskid 
drive tire; hydraulic lift. Road 
clearance, 45g-in. Capacity, 2500 Ib 
for 36-in. load. Lifting height, 64 
in.; overall height 79 in. Automatic 
Transportation Co., Chicago. 

ELECTRIC FORK TRUCK. Capacity, 1000 
Ib. Lift range, 83 to 130 inches. 
“Deadman” type brakes released 
by depressing brake pedal. Pivot 
point steering. Only five lubrica- 
tion points. Lewis-Shepard Prod- 
ucts Inc., Watertown 72, Mass. 


Metalworking 


MULTIPLE-PURPOSE MACHINE TOOL. 
Drills, reams and chamfers hole and 
saws slot in both ends of suspen- 
sion spindle support arms. Work 
table mounted on ball bearing race 
with micro adjustment for table 
clearance. Hydraulic table index- 
ing; drill heads individually coun- 
terbalanced, hydraulically operated. 
Electrical system provides fore 
manual or automatic cycling. The 
Davis & Thompson Co., Milwaukee. 

TUBE DEBURRING MACHINE. Handles 
tube, pipe and rod to 2 in. diam. 
Hardened and ground spindle in 
preloaded, grease-sealed ball bear- 
ings. V-belt drive. Positive work 
stops. Motor, %4-hp; weight of ma- 
chine, 170 lb. Pines Engineering 
Co., Aurora, Ill. 

STRAIGHTENING PRESS. Hydraulic; 75- 
ton. Reinforced welded steel con- 
struction; motors built in; rams di- 
rect acting from hydraulic cylin- 
ders in head. Stroke, 12 inches; 
power stroke speed, 45 in. per min. 
Colonial Broach Co., Detroit. 

HYDRAULIC BROACHING MACHINE. In- 
ternal, vertical pull-up type. Ca- 
pacity, 30 tons; stroke, 60 in. Helix 
lead and nut bar drives broaches 
during pull stroke. Pushbutton con- 
trols; operating cycles electrically 
interlocked; equipped with chip 
conveyor. The American Broach & 
Machine Co., Ann Arbor, Mich. 

HAND MILLER. Variable speeds, 160 





you need 
Radio Parts... 





suitable to Volume 
Production...it may 


pay youto call upon 





United-Carr and its 


subsidiaries. 
a 


They 


have helped many 





* SPEED PRODUCTION 


* TURN OUT FINER 
FINISHED PRODUCTS 


UNITED - CARR 


FASTENER Corr: 


s AGHUSETT 
CAMBRIDG 
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Mac} 






















peed production 


ads for other 





dependable, with minimum 
Latches for maintained contact 
able. It will pay you to inv a 
vantages of the CLARK line of Foof-Op 
Master Switches. 





@—I1 or 2 pole 
‘al Mounting. 


SILVER TO SILVER 
CONTACTS 


yType FSA-44-—4 Pole Horizontal or Verti- 
cal Mounting. Enclosure: Watettight only. 







FOOT 
Type FWSA-22—2 pole 
LEVER ONLY Ly OFF FLOOR Sequence Operation. 
REDUCES OPERATOR FATIGUE 











HARDENED STEEL ROLLER ON 
PHOSPHOR BRONZE SHAFT 


@T SA-22, 2 Pole, Hori- 
-—Left Hand operation. 





Write for Bulletin 101-FS 


tHE CLARK CONTROLLER co. 


< 
L 


é 
PYTHING UNDER CONTROL 1146 EAST 152nd STREET, CLEVELAND 10, OHIO 
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to 1460 rpm. Vertical feed, 15% 
E A G a E REPEAT CYCLE inches on knee, 4 inches on Spindle 
Use where ON-OFF head. Spindle mounted in tapered 
T i operation is continu- roller bearings. The United States 
+ n,n Ph Machine Tool Co., Cincinnati, 
a. Co emit na ns ale ct om i } SPECIAL MACHINE TOOL. Four finish. 
: justable on the dial. ing operations on automotive cylin- 
Industrial Processes (FLEXOPULSE) der blocks. Single-lever cycle cop. 
COUNTER trol: h 
ol; hardened and ground sstee! 
Use for limiting a ways; hydraulic feed, rapid tr. 
t : : wi 
MICROMETER set Semmes o2 a verse; uses duplicate standard 
DIAL pag arronned units. Conveyor carries parts tp 
Provides exceptional cane ear ee Soe and away from machine. The Cross 
where a circuit rapid prem aeengg a a ene. 
elone oF open with a — spring BACK-GEARED PUNCH PRESS. Capaci- 
time delay. ‘ 
pce tay oo. eneEe ty, 56 tons. Frame cradle mounted, 
range. | seinidien inclinable to 35 degrees. Ratchet 
(MIcROFLEX Tien) feed operates on thrust ball bear. 
ings through _  square-threaded 
sruetinss Ginnuer To reduce costs and im- screw. Foolproof nonrepeat trip 
prove quality of your prod- mechanism. Bed area, 21 by 30-in.; 
—ADJUSTABLE ucts by automatic TIME- strokes per minute, 50. Diamond 
Use where several circuits COUNT control... Machine Tool Co., Los Angeles. 
= hes protein —, te Write for catalogue Bul. 291. TWIN MILLER. Double-spindle, high- 
4 . 6 ans : 
cleaing: Sd Ghenina ehch * problem’ Py Me MEA ee precision. Two opposed independent 
: : . : ations. illi 
circuit is adjustable. %& Consult Eagle representative in aire ee ae ee ae 
(MULTIFLEX TIMER) principal cities. pancake type motors. Each head 
has fifteen spindle speeds from 55 
to 2080 rpm. Each head adjustable 
in three planes. Table pneumati- 
cally powered by solenoid-operated 
air cylinder; hydraulically con- 
trolled cutting stroke. W. H. Nich- 
MOLINE ILLINOIS ols Co., Waltham, Mass. 
SMALL GEARED PUNCH PRESS. Four- 











—— teen-ton, open-back, inclinable. 
Strokes per minute, 65; stroke 
length, 2 inches. Nonrepeat, single- 


trip mechanism. Diamond Machine 
Tool Co., Los Angeles 23. 


Processing 


14th Edition AUTOMATIC CLARIFIER. Removes abra- 
sives, dirt, etc., from water-soluble 















H itati H H coolants used in machine tools. 
Gives authoritative data on engineering mater- Eo ara age re 
* e ae * iodical- 
ials, published in three sections which contain: tee nes sol 

against filter screens to clean them. 

Detailed descriptions of properties, characteristics and Honan-Crane Corp., Lebanon, Ind 
typical applications of Ferrous and Nonferrous Metals and Service Equipment 

Alloys, Plastics and other Nonmetallics—all conveniently S| pmceiik Mims Semen. saci 

arranged, alphabetically by tradenames. sided pumet aaaae tox olga 

An Index of Materials arranged alphabetically by principal engine starting, heating and cool- 

constituents which will enable you to selected materials | ing systems, etc. Equipment in- 

according to their chief properties. cludes universal couplers, front and 

i rear, and floodtights which can be 

An alphabetical listing of Producers of Metals, Plastics and detached and extended 50 feet. Mo- 

other Nonmetallics together with explanation of materials tor Generator Corp., Troy, Ohio. 

produced and their trades names. 
. , Woodworking 
Price $1.00 Postpaid UNIVERSAL WOODWORKING MACHINE. 


Tooled to groove, rabbet, shape 
saw. Fourteen-inch diameter saW 


. driven by 3-hp motor. Ball-bearing 

roller travel head rides on m@ 

chined tracks; aligning adjust 

BOOK DEPARTMENT PENTON BUILDING oe: ae 

guard combined with adjustable 

CLEVELAND 13, OHIO dust spout. DeWalt, Inc., Lanca* 
iliaitad | ter, Pa. yj 4 0 » 1 
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